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1. SUMMARY

This volume of the report describes the data processing procedures and

the computer programs developed to predict structural responses using the

Impulse Transfer Function (ITF) method. There are three major steps in the

process:

* Analog-to-digital (A-D) conversion of the test data to produce

Phase I digital tapes

* Processing of the Phase I digital tapes to extract ITF's and

storing them in a permanent data bank

* Predicting structural responses to a set of applied loads

The analog to digital conversion is performed by a standard package which

will be described later in terms of the contents of the resulting Phase I

digital tape.

Two separate computer programs have been developed to perform the

digital processing:

Program I

* ITF Program - extracts ITF's and stores them in the data bank

Program II

* Response Program - predicts structural responses to a set of input

forcing functions

All coding was initially done in Fortran IV for the IBM 360/75; this

program was used to produce the results presented in Volume I. The data bank

used was an IBM 2314 Disk Pack, with random access capability. Both programs

have been modified to Fortran V for the Univac 1108, using standard 7-track

tape as the data bank.

The programs were originally sized for the present problem of 36 applied

impulses and 70 response channels. The tape storage version, however, allows

a virtually unlimited number of responses and the number of applied impulses

can be increased with only minor program revisions.
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2. BACKGROUND AND INTRODUCTION

Analog Tape

Test data was recorded on 108 KHz wideband FM analog tape at 60 ips.

This tape has 14 channels, of which one is used exclusively for an IRIG-B

time code, one for the 108 KHz reference, and another for the impulse. The

ITF's are multiplexed, 10 to a channel, allowing a maximum of 110 ITF's per

tape. For the LTA-11 testing, 70 responses were recorded on channels 2-8,

the impulse on channels 1 and 12, IRIG-B on channel 14, and the 108 KHz

reference on channel 13. Channels 9 and 10 were not used. Time sequencing

of events as recorded on the analog tape is schematically shown on Figure 2

and described in the accompanying table.

Time (Seconds) Signal

0 - 9 A.C. calibration signal

9 - 14 Hard zero, gauges shorted

14 - 19 D.C. calibration - 100% of full scale

19 - 24 Hard zero, gauges shorted

24.00 - 24.01 10 ms event pulse - approximately 100% full scale

24.01 - 24.200 Recorded zero, gauges in circuit

24.200 - 30.+ Impulse occurs 200 ms after event pulse and data

is recorded for at least 6 seconds

Oscillograph playbacks of each ITF was made to verify the data and for

later comparison with plots made of the digitized data. For the present con-

tract, 36 impulses were applied to the vehicle; one analog tape was produced

for each applied impulse. Sixty-eight active measurements per impulse were

recorded for a total of 2448 ITF's.

Analog-to-Digital Conversion

Conversion of the analog tapes was performed by the LM Data Reduction

Station (LDRS) using a general A-D conversion program. Seven Phase I digital

tapes are produced from one analog tape, with each containing the impulse,

and 10 ITF's. Conversion starts at the beginning of the D.C. calibrations

and continues for at least 6 seconds. Most of the LTA-U conversions were
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performed for only 3 seconds due to the storage limitation in the earlier

version of the computer system. Subsequent modifications have increased

storage to 6 seconds. During conversion, the impulse track is sampled at

20,000 samples/sec, and the ITF's at 5000 samples/sec. Formatting of the

Phase I digital tape, which must be compatible with the ITF program (Program

I), is discussed next.

Phase I Digital Tapes

Phase I digital tapes produced by the A-D conversion are standard 7

track input tapes for the ITF program. Each tape contains the time history

of the impulse track identified by the load point, and ten of the 68 asso-

ciated ITF's. The histories were directly digitized from the analog records

starting with the D.C. calibrations and continued for 3 seconds. In order to

satisfy the requirements of the ITF program the following specifications must

be adhered to for the Phase I digital tape:

* It must be a 7 track binary tape containing two files of data,

separated by a standard End of File mark.

* File 1 contains addressing and record size information which is

not used by the ITF program. This is generated by the generalized

A-D conversion program and is passed over by specifying on the I/O

control cards that the second file is to be used as the input data

set.

* File 2 contains the time history data written in records, each

4868 characters long. This may be interpreted as:

29,208 bits

9,736 octal digits

4,868 BCD characters

2,434 12 bit data values (4 octal digits)

* The data is most meaningfully interpreted as 12 bit words ranging

from 0 to 7777 octal (4095 decimal).

* Each record represents 32 milliseconds of real time.
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Words (12 Bits) Data

1 - 34 Status and time values from IRIG-B

35 - 674 640 values of impulse track (32 ms x 20 samples/ms)

675 - 834 160 values of response 1 (32 ms x 5 samples/ms)

835 - 994 160 values of response 2

995 - 2274 160 values each of responses 3-10

2275 - 2434 Dummy values to fill out record

* Each record contains data for 10 response channels; an eleventh

response channel could be accounted for but its inclusion would

cause some added complexity in the numbering scheme.

* Data should start (Record 1) within + 3.2 seconds (100 records) of

the start of the DC calibrations (i.e., no more than 100 records of

zeroes at start, and at least 50 records of DC calibrations)

* There should be at least 75 records (2.4 seconds) of zeroes between

DC calibrations and event pulse. Normally, with direct conversion,

there is a period of 5 seconds (- 156 records) between DC calibrations

and event pulse. In the present contract work, some conversions were

performed with time jumps in this zero area. This is not considered

to be a useful economy, but can be accepted by the ITF program.

* Data should be recorded continuously from the event pulse to the end

of data. For the LTA-11 only 3 seconds of response was recorded, but

present storage capability for the 1108 program is 6 seconds.

* During A-D conversion, the DC calibrations are used as an indication

of the full range of values required. Scaling should be such that

the DC calibrations fall at approximately 90% of the full digitized

scale.

* No sign bit is used, hence the digital value of 0 is equivalent to

-100%.

Decimal Octal Reading

0 0 -100%

2048 4000 0

4095 7777 +99.95%

* Scale factors of all measurements must be supplied to the ITF program

to allow eventual conversion to engineering units.
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* DC calibrations, the event pulse and the impulse are to be recorded

in the positive direction during recording of the analog tape and

for A-D conversion. Sign changes to account for direction of the

impulse relative to the coordinate system are data input to Program II.

Program I - ITF Processing

This program extracts the ITF's from the Phase I tapes, evaluates the

zero adjustment and scale factor, locates time zero, and stores the ITF's in

the data-bank. Plotted output of the ITF's is available for visual inspection

and comparison to the oscillograph records; conventional computer printout is

also available.

How the scale factors and zero adjustment are obtained is discussed next

with the aid of a specific example. (See Figures B-2, -3, -4)

Consider response 1, which is gauge GA-12. It is a force gauge located

on the aft interstage truss. It is calibrated prior to testing, and it is

determined that its output, when passed through a Preston Filter, with gain

set at 1000 and an RC of 100K, is 2.5 volts D.C. at 5360 #. The nominal

range of the analog recorder is + 2.5 vdc. From a sample run it is observed

that the output of GA-12 is low; the RC of the Preston Filter is then reset

to 470K, at which value the output of GA-12 is 2.5 vdc at 1143 #. Since

this output signal is satisfactory, it is duly recorded that 1143 # = 100%

full scale = 2.5 vdc. This data defines the engineering units of the measure-

ment. Following an application of an AC calibration signal to the recorder,

GA-12 is in the circuit and recording at a nominal zero level for 5 seconds,

then a direct input of 2.5 vdc is applied for 5 seconds, followed by 5 seconds

of a "hard" zero level during which the gauge is shorted out of the circuit

(see Figure 2). An event pulse of 2.5 vdc is then applied for 10 msec and the

impulse and recorded response occurs 200 msec later. During the period between

the event pulse and the impulse, gauge GA-12 is in the circuit and its output

is being recorded. Examination of the Phase I digital tape in this section of

the test shows the following (adjusting counts to the range -2048 to +2047):

Test Period Record Reading (average)

End of DC cals 250 - 300 1617 counts

Start of hard zero 310 - 350 8 counts (gauge shorted out)

Event pulse 463 513 counts

Event to impulse 464 - 468 10 counts (gauge in circuit)
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From this we can surmise that:

1143 # = 2.5 vdc = 1609 counts (1617-8).

It is important to note how the hard zero and applied 2.5 vdc pulse are used

to obtain the scaling.

GA-12 is recorded at 10 counts, while in the circuit, prior to the

application of the impulse. This reading represents 1.4 #, and is computed

from the tabulated values.

(10 - 8) x 1143/1609 = 1.4

This indicates that the strain gauge, within the supported structure,

prior to impulse application is not in a wholly unloaded state. This level

of 10 counts is taken as the nominal zero level of the measurement (zero

adjustment). Further complications concerning oscillations of the zero level

due to swaying of the test article will be discussed later. To complete

these observations, following the impulse, GA-12 records oscillations which

range between +183 counts and -209 counts and eventually settle down to a

small range around 10 counts. These peak values represent:

(183 - 10) x 1143/1609 - 123 #

(-209 - 10) x 1143/1609 * -155 #

This procedure is also followed on the impulse track, to obtain the load

time history of the impulse. In a later calculation, this data is used to

compute the impulse magnitude (area under the load time history) which is

eventually used to scale the impulse response to a unit impulse.

With the above discussion in mind, the processing logic of the ITF

program may now be considered. Figure C-2 shows a flow diagram of the sequence

of operations in which one Phase I tape, containing an impulse track and ten

responses, is processed to obtain the ten ITF's. Records are processed sequen-

tially. Note that each record contains:

* 32 milliseconds of real time

* 640 impulse track values (20 samples/ms x 32 ms)

* 160 values per ITF (5 samples/ms x 32 ms)

The programed procedure is as follows:

1. Nine records are skipped, the tenth is read and the average values

of the impulse and response tracks are calculated and saved. In

reading records, counts are automatically adjusted to the range

-2048 to +2047 (= 100% full scale).
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2. Step 1 is repeated until a record is found where the impulse track

average value exceeds 1000 counts. This is the region of DC calibration.

3. Every tenth record is averaged and the averages saved, until a record

is found whose impulse track average is less than 500 counts. This is

the hard zero region following DC calibration.

4. Fifty more records are passed, with every tenth being averaged and

saved. The last of these is used to establish the zero level for

locating the event pulse.

5. One-hundred fifty records are averaged and saved. Each is examined

to locate one where the average of the impulse exceeds the zero

established in step 4 by 120 counts. This locates the record

containing all or most of the event pulse. This record is checked

to determine that the sum of three consecutive values exceeds 2000.

6. Seven records are read, averaged and the averages saved. The last

two records are saved in their entirety since they contain the

impulse and start of the ITF.

7. The two records containing the impulse are examined further. Using

the average of the three previous records as a relative zero, three

consecutive values over 200 counts are sought to indicate the start

of the impulse.

8. Time zero for the ITFs is taken as the nearest millisecond to the

first 200 count value of the impulse.

9. The area of the impulse is computed using the preceding 2 milli-

seconds as the relative zero level.

10. With the time zero established, values from the ITF tracks are

stored from the two records previously read.

11. Additional ITF records are read and the values stored until 6

seconds of response is obtained or the end of the data reached.

12. Values are stored as 1 ms averages, with every 5 points being

averaged. Values are stored without adjustment to the zero level

or the scale factor.

13. Scale factors for the impulse and ITF's are calculated using the

average record values saved from the 20th, 30th and 40th records

after the start of DC calibrations and the 10th, 20th and 30th
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records after the end of DC calibrations. Engineering unit values

of the impulse and ITF tracks corresponding to 2.5 vdc (100% scale)

are supplied as input to the program. Coupling the engineering

unit value, with the area under the pulse, the final scale factor

is computed in engineering units per count for a unit pulse.

14. This scale factor is now stored in a status file along with other

information such as ITF duration, impulse area, DC calibration step

size, engineering units full scale value, and two zero values, one

calculated from the average of the records between the event pulse

and the impulse, and the other from the record averages of the ITF's.

15. Printed output includes pertinent record averages throughout the

process as well as several records in their entirety.

ITF Storage

The ITF processing subroutine assumes that the ITF's are stored in tempo-

rary, direct access data files on Fastran Drum, referenced by Define File state-

ments in Fortran V under the EXEC-8 operating system. The use of disk pack or

tape for permanent storage is discussed later.

A full length ITF is 6000 values in 1 ms increments. ITF values are read

from the Phase I tapes as integer values in the range of 0 to 4095. They are

adjusted to the range -2048 to +2047 for ease of analysis and interpretation.

Five point averages are computed; these are also in the range of -2048 to +2047.

To store the 6000 values economically, they are reconverted to the range 0 to

4095, which is represented by exactly 12 bits, and packed three to a 36 bit

word before storing as a 2000 word string. The file for ITF storage consists

of 3600 - 200 word records. One ITF is ten records. The file holds 360 ITF's,

representing ten ITF's for each of the 36 applied pulses. Ordering of the ITF's

is by measurement number, i.e., ITF 1, Pulses 1-36; ITF 2, Pulses 1-36, etc.

The values stored are not adjusted for the nominal zero and are not scaled to

engineering units. The zero level and scale factors are stored in a second

file of 10 - 216 word records. This is, in effect 360 - 6 word arrays, ordered

by ITF number and loads the same as the ITF's. These six words contain float-

ing point values of ITF duration in seconds, two zero values, the scale factor

from counts to engineering units, impulse area, and the impulse scale factor.

For computing economy, the ITF's are scaled in Program II when predicting

responses.



Program II - Response Program

The response to a set of forcing functions is obtained through the appli-

cation of the Duhamel integral, as described in Volume I. The numerical solution

proceeds as follows:

* An applied load time history is read as input.

* A time interval is specified as input; its selection depends on the

expected frequency content of the output.

* Total time of the response is specified as input.

* The applied force time history is interpolated to each time interval

and saved as an array.

* The ITF resulting from the application of a specific impulse is read

in from the data bank along with zero adjust and scaling information.

* The ITF is passed to the filtering routine as specified by the user.

(Filtering is discussed in a later paragraph.)

* The filtered ITF is reduced to a set of averaged points corresponding

to the time increment over the total time.

* Zero adjustment is made.

* The response is calculated from:

k

R(tk) = CAt Fihn+I - i
i=1

where for a typical gauge reading force,

R is in Ibs

At is in sec

F is in lbs (forcing function)

h is in counts (the ITF)

C is in bs/lb-sec-count, (scale factor)

* This process is repeated for all other load points, with options to

plot and print individual and/or summed responses.

Filtering

ITF filtering is not an integral part of the ITF method, but was intro-

duced to eliminate spurious low frequencies in the measured ITF's arising from

the LTA-11 supports. These effects are removed from the ITF's during response
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processing by a filtering routine utilizing a Fast Fourier Transform technique,

developed at Grumnan.

During performance of the present contract work, these low frequency

oscillations were observed in the ITF's and several methods were considered

to eliminate them. The most useful was the Fourier Filter technique which

did not require visual inspection of the ITF plots and was similarly applicable

to the different types of responses (forces, strains, accelerations).

Filtering is done in the response program following retrieval of the

ITF's from the data bank, and prior to their use in calculating a response.

The ITF is passed to the filtering routine where the following opera-

tions are performed.

* Stored data that defines an ITF time history (maximum = 6000) are

time averaged to reduce the number of values to a more workable

number (typically 300). This averaging eliminates the higher

frequencies, but retains the character of the low frequencies

of interest here.

* The reduced number of time history points are transformed to the

frequency domain.

* All Fourier coefficients above a specified cutoff frequency are

zeroed, and the points transformed to the time domain. They now

represent the low frequency content of the ITF as a time history.

* This low frequency time history is then interpolated back to the

original sample rate and subtracted from the original ITF to obtain

a new function which is considered filtered.

* When filtering, it is not necessary to zero adjust the ITF, since

the process removes any biasing in the data.

Zero Adjustment

The need for accurate evaluation of the zero level of the ITF's can be

recognized if it is recalled that responses are obtained by integrating the

ITF's. An error in the zero level will result in a steadily growing error

over the duration of the response. Three methods of zero level evaluation

are available, under input control.
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* When processing the ITF from Phase I tapes, the calibrated zero

level, which exists between the event pulse and the time of impulse

application, is determined and stored in the status file. This

zero level is of short time duration and may not be sufficiently

accurate.

* A second estimate of the zero level is obtained by averaging the

ITF over all but the early time period. The time skipped should

be equal to several periods of the lowest natural frequency of the

test article. This zero level will assure that the response to a

constant load does not change its gross level significantly after

the first few low frequency cycles. This estimate of zero level is

done in Program I and is stored in the status file..

* The third method of zero adjusting is performed automatically whenever

the filtering routine is used. This routine removes all frequencies

below a specified value, including the zero frequency.

Data Bank

The system was originally designed using an IBM 2314 disk pack, capable

of permanently filing 2520 - 80,000 bit ITF's. Since this capacity for per-

manent storage does not at present exist on a direct access data device at

the MSC Univac 1108 facility, the system was redesigned to use tape storage.

The primary programning problem, in such a system, is to minimize the number

of tape operations for efficient use of computer time. This was done by

making use of a smaller direct access temporary data set on Fastran Drum.

All programs, and the associated data files have been sized to a 10 response

system, with provisions in each program to initialize the data files from

tape, and, at the end of an operation with any set of 10 responses, to dump

the files back to tape. It is necessary to work with 10 responses simul-

taneously because 10 responses are grouped on each Phase I tape. When exe-

cuting the ITF processing program, if several Phase I tapes for the same

set of 10 responses are processed sequentially, drum to tape I/0 does not

consume a major portion of operating time.

When executing the response program it is only necessary to load the

drum from tape. Final dumping is not required, since the permanent data

base is not modified. All subroutines operate on the basis of ten numbered
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responses, while the main programs, which perform the loading, relate the

responses to the overall numbering scheme. If large scale permanent direct

access storage becomes available, either the tapes can be replaced with the

permanent data set and the programs operated exactly as with the tapes, or

else the temporary data sets may be increased to full size, with minor pro-

gram modifications.
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3a Program Description - ITF Program, Program I

Program I, the ITF Program, processes Phase I digital tapes to extract

the ITF's, stores them in the data bank, and performs other data bank main-

tenance and utilization functions.

Figure C-i shows a simplified flow diagram of the main program. It

performs CLEAR, LOAD, DUMP, STATUS and PLOT operations on the data bank,

and calls subroutine STORED, which contains the bulk of the programming, to

process Phase I tapes. To understand these functions it is necessary to

review how the program handles the data bank described in Section 2.

Program I references two temporary, direct access data files through

define file statements.

DEFINE FILE 1 (10, 216, U, IUl)

DEFINE FILE 2 (3600, 200, U, IU2)

File 1 contains data describing the status of 360 ITF's. The ten records

pertain to 10 responses. The 216 words per record are an array of (6, 36)

real variables, six words for each of 36 load points.

word 1 - conversion factor, units per count, which converts the value

of the stored ITF from digital counts to the engineering units

associated with the particular response point

word 2 - the zero level of the ITF, derived by averaging the analog

response for the period between the event pulse and in impulse

word 3 - the duration of the stored ITF in milliseconds; maximum = 6000

word 4 - the zero level of the ITF derived by averaging the ITF from

320 milliseconds to the end

word 5 - scale factor for the impulse track in pounds per count

word 6 - area of the impulse in pound-seconds

File 2 contains the 360 ITF's, ten records per 2000 word ITF. They are

ordered by response point (i.e., Response 1, loads 1-36; Response 2, loads

1-36, . . . . Response 10, loads 1-36).
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For a specific problem with 10 responses or less, permanent data files

could be used and the processes of dumping to, and loading from tape could

be dispensed with. The programs can, however, deal with an unlimited number

of response points, by the use of binary tapes to store the contents of data

files 1 and 2. Through use of the LOAD and DUMP operations, the contents of

these files may be dumped to a binary tape or loaded from a binary tape, with

no real restrictions on the number of tapes being used for a problem.

The effects of the five data bank operations are as follows.

CLEAR - The contents of files 1 and 2 are set to zero. This operation

is usually performed when the first Phase I tapes for a set of

responses are being processed and no LOAD operation is performed.

LOAD - Contents of a binary data bank tape are loaded into files 1 and 2.

Presumably, this tape was created by a dump following an earlier

run.

The second content of the binary data bank tape is:

record 1 - 100 words - an integer variable representing the

tape sequence number - repeated 100 times.

record 2 - 2160 words - the entire contents of file 1.

records 3 - 362 - 2000 words each - the entire contents of file

2, but in 2000 word records rather than 200.

DUMP - Contents of files 1 and 2 are dumped to binary tape to create a

new or updated data bank tape

STATUS - prints the contents of file 1

PLOT - plots or prints specified ITF's, stored in file 2.

The sequence number on the binary tapes is used to insure that the proper

binary tape is mounted, since a number of them will be used for the typical

job. While most of the internal logic of the program deals with ten responses,

numbered 1 to 10, an overall numbering system should be employed, whereby the

responses are numbered consecutively from 1 and are stored with tape number 1

containing responses 1-10, tape 2 containing 11-20, etc. Input data pertain-

ing to response numbers always refer to the overall numbering scheme. This

is converted by the program to a tape sequence number and the internal number

range 1-10.
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An additional storage operation was written into the program in order to

transfer data between Grumman's disk pack system and MSC's tape storage system.

This operation is:

LOADGQ - loads an existing BCD tape containing a number of ITF's.

The END operation causes a normal termination of the program.

Processing of Phase I Tapes

The RUN operation is used to process Phase I tapes. This function is

performed primarily in subroutine STORED which also calls RITREC, READT, AVG

and UNPACK. Figure C-2 shows a flow diagram for subroutine STORED. The

basic sequence of operations in processing the Phase I tape is covered in

Section 2. As each record of 32 milliseconds is read, it is separated into

impulse track values and 10 sets of response track values. The average value

of each of these sets is determined for each record examined. Only these

averaged values are used until the actual impulse is encountered and the

responses start.

While examining records to locate the DC calibrations and event pulse,

only the impulse track is examined since events occur simultaneously on each

track. Once the record containing all or most of the event pulse is located,

the impulse can be readily found. It occurs 200 ms after the event pulse and

mast be in the 6th or 7th record following the event pulse. The first 5 of

these are read and their averages saved to use in determining zero levels.

The 6th and 7th are examined to locate the impulse.

A temporary zero level for the impulse track is established using the

average value of the three previous records. The impulse is located by

finding three consecutive values, each exceeding the average by 200 counts.

A new zero level is established to use in calculating the impulse area. It

is based on the 40 values preceding the start of the impulse (2 ms). The

first and last points on the impulse whose values exceed 50 are located, and

a Simpson's Rule integration performed between them. If the number of inter-

vals is even, the first interval is evaluated by the Trapezoidal Rule. One

additional point on each end of the impulse is now used to calculate the areas

of the end pieces.
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Scale factors for the impulse and response tracks are calculated and

the impulse scale factor is used to get the impulse area in lb-seconds. It

should be noted that for this problem, there are 7 phase I tapes for each

impulse, and that the impulse track on each of them is derived from the same

analog track. Any differences between them are due to the precision of the

A-D conversion, and comparison of the impulse areas can serve as a check on

the A-D process.

At this point, 64 ms of data, is present in core. The starting point

of the impulse is known, and this is adjusted to the nearest millisecond,

to define time zero for the responses. The remaining task is to transfer

data from the response tracks of the Phase I tape to the data file in which

the ITF's are stored. To do this, the intermediate array IDISK is established,

dimensioned to (600, 10). It holds 600 ms of ITF data for the 10 responses

on the phase I tape. Records are now read into core through the use of the

JREC array, converted by averaging from 5 points/ms to one point/ms and

transferred to the IDISK array. The process is started by transferring the

appropriate values from the two records containing the impulse. When the

IDISK array is filled, it is packed down to (200, 10) since ITF's are stored

as three values to a word. The 200-word columns are then stored in the

appropriate records of file 2 and the process repeated. Processing continues

until 6000 milliseconds of data is stored, or the data runs out. A record of

the number of milliseconds of valid data is kept for inclusion in the STATUS

file (File 1). When processing of the phase I tape is completed, the status

items are loaded into File 1, smnmary output is written, the tape is rewound,

and control is returned to the main program.

A summary of the subroutine calls follows.

SUBROUTINE STORED (ITAPE, IRESP, IRESPP, ITEST, FULLI, FULL, NG)

ITAPE = fortran unit number on which phase I tape is mounted

IRESP, = range of response numbers to be stored, inclusive. They

IRESPP are internal response numbers in the range 1 to 10

ITEST = a value (from 1 to 5) that controls the number of records

written as printed output
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FULLI = scale factor in pounds per full scale for the impulse track

FULL = 10 item array with the scale factors in engineering units per

full scale for the 10 response tracks

NG = a counter set to zero after successful comnpletion

SUBROUTINE RITREC (JB, IB, IC)

JB = record number

IB = 2400 word array containing the impulse and response values

from the record adjusted to the range of -2048 to +2047

IC = (160, 11) array containing the responses.

This routine prints the contents of one phase I tape record.

SUBROUTINE READT (JTAPE, IREC1, IREC2, IAVG, KS, NG)

JTAPE = fortran unit number

IREC1 = 34 member array - not used

IREC2 = 2400 member array

IAVG = 1 by 500 array

KS = record number

NG = counter

This routine is used to read one record from the phase I tape. The

actual read is performed by the MSC library routine MREAD, used to read non-

standard tapes. MREAD is called in UNPACK which is called by READT. The 640

word set of impulse values and 11 to 160 word sets of response values are

loaded into IREC2.

Further processing is under control of the input, NG.

NG = 0 for no further processing

NG = 1 for impulse track only

NG = 2 for responses

NG = 3 for both

2048 is subtracted from each word to modify the range of data from (0 to

4097) to (-2048 to +2047).

Averages are performed on the impulse and responses and stored in the

IAVG array according to record number.
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SUBROUTINE AVG (IREC, IAVG, NG)

IREC = 2400 values of tape record

IAVG = 11 averages to be calculated

NG = same as in READT

Averaging described in READ7 is performed.

SUBROUTINE UNPACK (IN1, IREC2, ISTAT)

INI = fortran unit number

IREC2 = 2400 values to be returned

ISTAT = status of read

As described in Section 2, a phase I tape record contains 2436 12 bit

words. These are read by MREAD into an array of 812 - 36 bit words. The

last 800 of these are unpacked, 12 bits at a time and stored in IREC2.

SUBROUTINE CRUNCH is only used to decode the special tape used to

transfer ITF's to the data bank for demonstration purposes. It may be

replaced with a dummy routine, or reference to it in the LOADGQ section of

the main program may be deleted.

SUBROUTINE PLOT1 (IFILE, INN)

IFILE is a work area of 3000 words supplied by the main program

INN array of 8 control constants

PLOT1 reads ITF's from data file 2 and either plots them, prints them

or both.

Plot arrays X and Y are completely set up, but no calls to plotting

hardware are supplied.

Provision is made for calling plot initialization and plot termination

routines.
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3b Program Description - Response Program; Program II

Program II, calculates the structural response to a set of forcing

functions. It consists of a main program, a filter routine, FILT, a fast

fourier transform routine, FAST1, and a plot routine, PLOTB. Flow diagrams

for the main program and the filter routine are shown in Figures C-4 and

C-5.

The main program uses two data files which are identical to those used

in Program I. They contain ITF's for 10 response points and 36 load points.

Permanent storage of the ITF's is on the binary data bank tapes created by

Program I. The appropriate tape must be read into the data files at the

start of execution. In order to run program II it is necessary to have pro-

cessed, for the responses desired, those load points at which forcing func-

tions are to be applied. Other load point ITF's need not have been processed,

since the data bank tape contains dummy values where none have yet been

supplied, so as to keep proper sequencing of data. Input data to the program

consists of a set of control cards with a function name in columns 1-6

followed by additional data.

For the first pass through the program the order of data is fixed, but

additional passes can be made on one run, with some variation allowed. In

addition, a set of tables of the forcing functions must be supplied.

The function names on the control cards, in normal input order are LOAD,

TIME, FORCE, RESP, PLOT and CYCLE. Forcing function tables follow the force

card.

Except for recycling for multiple problems, the flow of the program is

straight-through, and is best described in relation to the input data.

The LOAD card specifies an I/O unit number and response numbers and

results in a data bank tape being read into Files 1 and 2. All features of

this operation are identical to the LOAD operation in program I.

The time card specifies the number of points, or time slices required

by the analysis, and their spacing in milliseconds. The number of points

should not exceed 1200 and the total time should not exceed 6000 ms.
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While the ITF's are stored at 1 ms time intervals, it is not necessary

to evaluate the structural responses at i ms intervals. Selection of the

calculation interval should be based on system frequencies, hence if the

highest system frequency is 50 cps (20 ms period), spacing of 4 or 5 ms will

adequately represent the results. The forcing functions will be evaluated

at the specified times and the ITF's averaged to that time interval before

performing the Duhamel integration.

The force card is the principle heading card for the forcing functions.

It is followed by a set of cards describing the forcing function time histories

at each load point required by the problem. To minimize the effort in pre-

paring data for the forcing functions, all forcing functions are described

for the same time points. The time scale is described on the FORCE card as

a sequence of points at a fixed time interval, followed by another set of

points at a different time interval, up to 6 sets. Hence a 500 ms time scale

might be specified as 20 points at 2 ms, 6 points at 10 ms and 4 points at

100 ms.

An array is established giving the time value for each point on the

tabulated forcing function. The force card is followed by a number of sets

of forces for each load point required. A heading card for each set specifies

the load point number and a scale factor to be applied to all forces in the

set. The scale factor can be used to reduce the number of digits required

to specify the forces, change the sign of the force and to conveniently

scale the force without modification of the entire table. The heading card

of each set is followed by cards specifying the forces in pounds at the pre-

viously established times. Any number of tables may be read, with read-in

of tables ending when a blank heading card is encountered. Any forces not

specified will be treated as zero by the program. As each forcing function

is read in, it is interpolated to a set of values corresponding to the time

scale established on the time card and the resulting array is stored in a

direct access data file for later use.

Following the tables, a RESP card specifies which responses are to be

processed and describes the filtering which should be applied to the ITF's.

A PLOT card follows, which specifies whether or not the structural responses

should be plotted.
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For each response to be evaluated, and for each load point, the required

ITF is read from file 2 and unpacked. The ITF status array is read from file

1. If no filtering is required, the zero adjustment value is obtained from

the status array. If filtering is required, the ITF is passed to the FILT

subroutine which removes specified low frequencies. The filtered or unfiltered

ITF is now averaged over the time intervals specified on the time card and

zero adjusted. The required forcing function is used from the direct access

data file, and the Duhamel integral is evaluated. Finally, scale factors

for the ITF and the forcing function are applied. The result is the struc-

tural response at one response point to one forcing function. The operation

is repeated for each forcing function, with each response being printed and/or

plotted, and accumulated in a summed response array which eventually gives the

total response at the point to all the supplied forcing functions. The sunmmed

response is printed and/or plotted.

After all specified responses have been evaluated, a CYCLE card allows

the program to recycle to different places in the input sequence to perform

additional operations. The forcing function tables do not have to be repeated

if they are unchanged.

The filtering technique, described in Section 2, is applied in subroutine

FILT. The sequence of operations closely follows that description. A feature

of the filtering which.needs further explanation is the apparent elimination

of frequencies from the high end of the spectrum as well as the low end. As

an example, consider a case of 100 points at spacing of 10 ms, for a 1 second

ITF. The fast Fourier transform fits this function with frequencies range

from 0 cps to 99 cps in steps of 1 cps. In order to eliminate frequencies at

or below 10 cps the first 11 and the last 10 coefficients would be set to

zero. The last 10 are zeroed because the apparent fitting of 90-99 cps does

not really evaluate this frequency content (there is only 1 data point per

cycle). It does in fact produce a fit for the low frequencies 1-10 cps through

a process known as aliasing. This is a characteristic of the fast Fourier

transform technique, and is taken into account by setting to zero the high

order coefficients as well as the low.
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4a User's Guide - Program I

The ITF processing program performs seven functions in addition to pro-

cessing Phase I tapes. Each operation is controlled by a single input card,

containing the function name and additional information when required. The

functions, which are explained in the Program Description, are CLEAR, LOAD,

DUMP, STATUS, LOADGQ, PLOT and END. Phase I processing is evoked by the

function RUN and requires an additional data card. Tape unit logical numbers

are under control of the input and should conform to the EXEC-8 control cards

for the run.

Input Data

Each operation is evoked by a single function card (2nd card required

for RUN), with the following format.

Function Card - format (A6, 1014)

col 1-6 - function name, left adjusted

col 7-10 -INN(1)
I appropriate integer data as described below

col 43-146 - INN(10)

CLEAR - no values of INN required.

All data files are cleared.

Usually performed before creating original data tape of a series.

LOAD - INN(l) fortran unit number of data bank tape to be loaded.

INN(2) number of first response on data bank tape (normally 1, 11,

21, 31, etc.) This is used to check tape sequence number.

DUMP - INN(l) fortran unit number of tape to which files will be dumped.

INN(2) number of first response of the 10 to be dumped (1, 11, 21,

etc.). This is used to determine the sequence number.
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STATUS - INN(l) number of first response in a sequence, whose status is to

be printed.

INN(2) number of last response in sequence. It is assumed that

appropriate responses are loaded in files.

LOADGQ - INN(l) fortran unit number of tape to be loaded. This is a special

tape for transferring data from the Grumman data bank to the

MSC program.

PLOT - INN(l), INN(2), INN(3), INN(4)

Routine prints or plots ITF for responses INN(l) through INN(2)

for loads (impulses) INN(3) through INN(4)

INN(5) spacing for prints or plots in milliseconds

INN(6) number of points to be printed or plotted

INN(7) = 1 plot only

= 2 print only

= 3 plot and print

INN(8) = 1 open plot routine for this set of plots

= 2 close plot routine after these plots

= 3 open and close plot routine

This is used to initialized or terminate plot tapes as required

by system. They are not opened or closed automatically by

routine since several PLOT calls may be made on any one run.

END - no values of INN required - terminates run.

RUN - INN(l) fortran unit number of Phase I tape to be processed.

INN(2) load (impulse) number

INN(3) number of first response to be processed

INN(4) number of last response (inclusive) to be processed

INN(5) = 0 minimum number of records

printed in output

= 5 maximum number printed

RUN card must be followed by a single data card containing

the full scale calibration values for the ten responses being

processed, and the impulse track format (11E7.0)
col 1-7 impulse calibration (ibs at full scale)
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col 8-14 response 1 cal. (units at full scale)
I

col 71-77 response 10 cal.

Sample Data Setup

Figure B-1 shows a data sequence in which the primary operations

are to process two Phase I tapes for the responses 1-10 for impulses 5

and 6.

The exact operations are:

1 Load responses 1-10 from data bank tape mounted as unit 10. This

has been created on a previous run.

2 Print status of responses 1-10.

3 Process Phase I tape on unit 11. It is an impulse 5 data tape -

responses 1-10. Calibration data card follows.

4 Process Phase I tape on unit 12 - impulse 6, responses 1-10.

Calibration data card follows.

5 Print and plot the stored responses 1-10, impulses 5-6.

6 Print status of responses 1-10.

7 Dump files to unit 20 to create an updated data bank tape with

impulses 5-6, responses 1-10 added or corrected.

8 End run with normal termination.

Sample Deck Setup

A deck setup for the preceding data processing operations is shown in

Figure B-l.

1 Fastrand assignment for temporary file 1, 2 tracks.

2 Fastrand assignment for temporary file 2, 7 positions.

3 Data bank tape on unit 10 XXX = tape label

4 Phase I tape on unit 11 XXX = tape label

5 Position to file 2

6 Phase I tape on unit 12 XXX = tape label

7 Position to file 2

8 New tape on unit 20, to be saved

9 Fortran program ITFI and subroutines with appropriate FOR cards
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10 Map cards

11 XQT, data and FIN

This setup does not include any control cards for plotting.

Output Data

Primary printed output from the program consists of full listings of

some records from the Phase I tapes, a sumnary of the average values of a

member of records, listing of a tape status and printed ITF's.

Phase I Tape Records

Figure B-2 shows a 3 page list of a record from a Phase I tape. The

record covers 32 milliseconds, indicated on extreme left. The impulse track

has 20 samples per millisecond and the responses have 5 samples/ms. Responses

are always numbered 1 to 10 regardless of true response numbers associated

with the tape. The numbers displayed are in counts which range from -2048 to

+2047. Some notable features of the record shown are:

1. The impulse appears during the 26th me of the impulse track and

can be estimated roughly to .2 count-seconds 1.6 b-seconds

based on a calibration of approximately 12,500 Ibs = 1600 counts.

2. Response 11 is a dummy.

3. Response 8 shows an oscillation of 16 ms period (60 cps), probably

the result of electrical interference. It is removable by filtering

but makes the estimated zero unreliable. Status output for this

response shows a larger discrepancy between the zero derived from

pre-impulse records and the zero obtained by ITF averaging than is

normal.

4. 43 numbers at the bottom are 32 - 1 ms averages for the impulse

track, one 32 ms impulse average and 10 - 32 ms averages for the

responses.

A summary of record averages at the end of processing a tape shows the

average value in counts of selected records for the impulse and 10 response

tracks (Figure B-3).
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Output from the STATUS operation presents the six items in the status

file for the impulses and responses requested. The six items are:

1. Conversion factor - engineering units/count.

2. Zero adjustment - derived from region between event pulse and

impulse.

3. Duration of stored response in milliseconds.

4. Zero adjustment - derived from record average of response, omitting

first 10 seconds (320 ms).

5. Impulse scale factor - lbs/count.

6. Impulse area in b-seconds.

Printed output from the PLOT operation is in zero adjusted counts as

shown in Figure B-4 according to specifications on the PLOT function

card.

Plots

Actual calls to plotter software have been omitted since plot routines

under EXEC-8 were not wholly operational at time of programing. Further-

more, final layout of plotted output cannot be properly determined until a

specific application is undertaken. These plots are considered to be inter-

mediate output, for checking purposes, and are best designed to match oscillo-

graph playbacks of the original analog tapes. The arrays required for plotting

are set up in the PLOT1 routine and correspond to the printed output.
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4b User's Guide - Program II

The response program computes the structural response to a set of

forcing functions, applied at one or more load points. The data required

to produce one response consists of the time histories of the forcing func-

tions and the set of ITF's relating the load points to the response point.

Output from the program is printed or plotted structural response time

histories.

Input Data

1. LOAD card FF, IU, IR1, IR2 (A4, 2X, 314)

col 1-4 FF - 'LOAD' (literal)

7-10 IU - tape unit on which data bank tape containing ITF's is

mounted

11-14 IR1 - first ITF number on data bank tape

15-18 IR2 - last ITF number on tape (IR2 = IR1 + 9)

2. TIME card FF, NPTS, NMS (A4, 2X, 214)

col 1-4 FF - 'TIME' (literal)

7-10 NPTS - number of points to be calculated in the resulting

time histories

11-14 NMS - spacing, in milliseconds of the response points

NPTS = 25,0,.NMS = 2 results in a time history of 500 ms - 250 points,

every 2 ms.

3. FORCE card FF, (MT(I), DT(I), I = 1i, 6)

(A5, 5X, 6(15, F5.0))

This card establishes the time scale for the set of forcing functions

which will follow. It assumes a set of values will be given at a fixed

time increment, a second set at another time increment, and so forth, up

to six sets if required (e.g., 50 points at 2 ms, 10 points at 10 ms,

1 point at 100 ms).

col 1-5 'FORCE' (literal)

11-15 MT(1) number of points in first set

16-20 DT(l) increment in ms of first set

21-25 MT(2) number of points in second set



30

26-30 DT(2) increment in ms of second set
I

76-170 DT(6) increment in ma of 6th set

If MT(1) = 0, no forces are read

4. Forcing Function Tables

A set of force time histories for each forcing function must be

supplied. The time scale for the forces is supplied by the FORCE

card. The number of values required is equal to the sun of MT(I)

on the force card. Forcing functions may be supplied for any or all of

the load points for the problem. Those not supplied will be treated as

zero. The table for each forcing function consists of one heading card

followed by the required number of forces, 16 to a card. (If MT(1)

from the FORCE card is zero, no tables are read.)

a. Heading Card IL, SCL (12, F8.O)

Col 1-2 IL load point number

3-10 SCL scale factor to be applied to all forces in table.

This may be used to change the sign of the force, or

reduce the number of digits required in the tables (do

not omit).

b. Force cards (FEMP(I), I = 1, MTT) (16 F5.0)

As many values of the force table as specified by the FORCE card,

16 to a card in 16 F5.0 format. Force is in lbs.

6

MTT = I Mr(I)
I=1

c. End of tables card

A blank card is required at the end of the tables to terminate the

table read-in.

5. RESP card FF, IRA, IRB, IZFIL, FREQ (A6, 314, E12.0)

This card specifies which responses are to be calculated and how they

are to be filtered.
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col 1-4 FF - 'RESP' (literal)

7-10 IRA - number of first response in sequence to be calculated

11-14 IRB - number of last response in sequence to be calculated

15-18 IZFIL - 1 do not filter; use zero adjustment calculated from

time before the impulse

2 do not filter; use zero adjustment calculated from

ITF record averages

3 use Fourier Filter

19-30 FREQ - when Fourier Filter is used, eliminate all frequencies

below FREQ in cycles/sec.

6. PLOT card FF, NPL (A4, 2X, 14)

col 1-4 FF - 'PLOT' (literal)

7-10 NPL - 0 no plots

1 plot total response

2 plot individual response to each load as well as

total response

7. CYCLE card FF, NCY (Ah, 2X, 14)

After the PLOT card is read, the set of responses specified on the

RESP card are evaluated and the results printed. The program may now

be made to recycle to a point in the input stream to read data for a

new set of cases with a minimum of data repetition.

col 1-5 FF - 'CYCLE' (literal)

10 NCY 1 return to beginning of data LOAD card

2 return to TIME card

3 return to FORCE card

4 return to first force header

5- return to RESP card

6 terminate program

If the program recycles to the LOAD or TIME card, and the forcing

functions are the same as for the previous run, setting MT(1) - 0 on

the FORCE card will by-pass reading of the forcing functions and use

the values from theprevious case.
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Sample Deck and Data Setup

Figures B-5, -6 show a sample deck setup with data.

1. Fastrand temporary data file assignments for Files 1, 2 and 3.

2. Binary data bank tape containing ITF's for response points 1 through

10.

3. Fortran decks

4. Map cards

5. Load card specifying fortran unit 11, responses 1 through 10 (see

item 2).

6. Time card specifying the responses are to be calculated as 200

points every 2 milliseconds, for a 400 ms duration.

7. Force card specifying that the forcing function values are given

at 2 ms intervals for 63 values (126 ms) with a final point at

1126 ms.

8. Forcing functions for 24 load points. Each set contains 64

values (see item 7). Scale factors for all 24 are unity, with

sigft changes to account for coordinate system definition.

Forces are in lbs.

9. Blank card to terminate table reading.

10. RESP card specifying responses 1 through 4, to be run with Fourier

Filtering, eliminating frequencies below 5.2 cycles/sec.

11. Plot card specifies omit plots.

12. Cycle card specifies terminate run.

Deck setup does not include control cards for plotting.

output

Output from the progran consists of tables of the forcing functions,

interpolated to the time interval specified on the TIME card, and listings

of both the responses to each individual forcing function and the summed

response to the entire set of forcing functions. The units of the responses

correspond to the.units originally specified by the engineering units cali-

bration values supplied in Program I when converting the Phase I tapes.
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Plotting

As in Program I, a plotting program is provided which does not contain

actual calls to the plotting software. Arguments supplied to the skeleton

routine are: IR, IL, MPT, NMS, Y.

IR = response number

IL = load number

MPT = number of points provided

NMS = spacing of points in milliseconds

Y = array contain MPT values of the response in appropriate

engineering units - corresponds to the printed output.
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5. CONCLUSIONS & RECOMMENDATIONS

Both the ITF program and Response program operate with a reasonable

degree of efficiency in their present form (i.e., tape data base), provided

the operations are sequenced to avoid excessive loading from and dumping to

tape. This limitation could be removed by the use of a direct access storage

device as the permanent data bank, as is the case for the Grumman system.

While the program handles an unlimited number of response points, the

number of load points is presently set to 36. This number can be easily

increased by changing the DEFINE FILE statements, appropriate DIMENSION

statements and the counter, NI, at the start of each program.
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APPENDICES



FOR#IS -ITFl ITF..
IMPULSE TRANSFER FUNCTION- ITF PROGRAM 1 THROO010

TO PROCESS PHASE 1 DIGITAL TAPES AND STORE ITF'S THRO00020

MAIN PROGRAM THROO030

COMMON I IN OUT NRNI .ILOAD THRO0090

IFILE DIMENSIONED TO 6*NT (MINIMUM OF 3000) THR00100

DIMENSION IFILE(3000) THR0011.0

INTEGER FUNCFUNCX
DIMENSION FULL'l10) THR00120

DIMENSION STAT(636) THR00130

DIMENSION INN(10)oFUNC(10) THR00140
DIMENSION NTEST(8)
DATA FUNC /'CLEAR '.'LOAD '.'DUMP *,'RUN '.'STATUS' THR00150
1 'LOA DGQ''PLOT- -'DUMMY ','DUMMY '.'END '/ - THROO160

900 FORMAT(A6.1014) THRO00170

901 FOR MATL/_/V_FUN_ LON _CARD - 'A6,10 4 _L...RO180.
902 FORMAT(//' CLEAR FUNCTION COMPLETE') THRO00190

903 FORMAT(//' FILES LOADED FROM UNIT'914' RESPONSES',I3"' -'1I3) THR00200

0__ __EQRMATL/'. _.FUNCTLON .QLN I DENTILED ..-.L -- - THO21Q.

905 FORMAT(//' FILES DUMPED TO UNIT',I4,' RESPONSES',1I3' '13) THR00220

906 FORMAT(11E7.0) THR00230

907 FORMAT(1H1/' _RESPONEQ..E___NO '.4!L) THR00240
908 FORMAT(1496F2.4) THR00250

909 FORMAT(//' ERROR IN INTEGER FIELDS',4I4) THR00260

910 FORMAT(1H1/' EXECUTE PROGRAM I - ITF PROCESSLN_. .......... R_027_..

911 FORMAT(//' ERROR, TAPE MOUNTED IS IS FOR SET'1I4) THR00280

912 FORMAT(///' TERMINATE RUN') THR00290

913 FORMAT(216F10.6) ............ HR00300 _

914 FORMAT(300016) THR00310

915 FORMAT(//' PLOTTED IMPULSES',I4,
9 n~,I3, RESPONSES',1I4,'',13) THR00320

CV( I 1-1) /NR+ ... .. .. THR00330
CALL MFC(NTEST)

SET I/O DEVICES THR00340

IIN=5 THR00350

SET FILE SIZE THR00370

NUMBER OF RECORDS IN FILES*NT THRO0040

FILE I NR RECORDS OF 6*NI WORDS THROO050

FILE 2 10*NR*NI RECORDS OF 200 WORDS THR000'60

DEFINE FILE 1(10216,UIU1) THR00070

DEffNE FILE 2(3600,200,U.IU2) THROO080

NR IS NO. OF RESPONSES PER TAPE THR00380

NI IS NO. OF IMPULSES IN SYSTEM THR00390
-NR 1 -"0 ..-.. THR00400

NI=36 THR00410

NT=NR*NI .HR0420
NTI=6*NIT
NTT'6*NT THR00430

NTTT" 0*NT THR00440

-tx0 THR00450

WRITE(IOUT,910) THR00460

READ FUNCTION CARD THR00470
1 READ(IIN900) FUNCX NN THR00480

WRITE(IOUT9901) FUNCXI1NN THR00490

SCHECK FUNCTION ...... ....... .... THR00500
DO 4 IFUNC1910 THRO00510

.o.i....Figure A-1

Program I - Fortran Listings



IF (FUNCX*EQeFUNC(IFUNC.) .) GO T-6o 6.- - - --- _- _.R
4 CONTINUE THR00530

ILLEGAL FUNCTION THR00540

WRITE(IOUT#904) THR00550

GO TO 1000 THROO560

PERFORM FUNCTION THRO0570

6 GO TO (100,200o300o400o0sO960070080OO950000O) IFUNC THR0054-..

CLEAR BOTH FILES THROO590

100 CONTINUE THR00600

DO 7 J=1910
7 WRITE(1'J)(IZI*1,NTI)

DO 102 JwlsNTTT
102 WRITE(2fJ)(IZ9I=l200)

WRITE(IOUT9902) THR00640

GO TO 1 THR00650

LOAD BOTH FILES FROM TAPE THR00660

200 CONTINUE THR00670

IN1uINN(1) THR00680

IN 23N (2) THR00690

1N3wIN2+9 THR00700

CHECK TAPE SEQUENCE NUMBER THR00710

ICODElICV(IN2) THRO0720

REWIND IN1 THR00730

READ(IN1) (ICOD,I*1100)
IF(ICODE*EQ*ICOD) GO TO 201 .T-- THR00750

WRITE(IOUT911) ICOD THR00760

REWIND IN1 THR00770

GO TO 1000 THR00780

I201 READ(IN1) (IFILE(I),I1l#NTT)
DO 203 Ju1l10
I1=NTI*(J-1)+1. -- -----------
12i1+NTI-1

203 WRITE(1'J)(IFILE(I)s I=. 1 I2)
DO 202 Jo1lNTTTl0 THR00810

READ(IN1) (IFILE(I)OI=1 2000) THRO00820

DO 202 JJ11llO
LL 200 JJ ----------- --
LuLL'199
JJJ=JJ+J-1

202 WRITE(2 JJJ)(IF LE( *K= L L L L ) H
REWIND IN THRO84

WRITE(IOUT903) INlIN29IN3 THR00850

GO TO 1 -------- THROO860

DUMP BOTH FILES TO TAPE THR0870

300 CONTINUE THRO00880

__INIINN(1) 
THROO890

IN20INN(2) THR00900

IN3SON2+9 THR00910

S REWIND IN _ THR00920

-- WRITE TAPE SEQUENCE NUMBER THR00930

ICODwICV(IN2 )  
THR00940

WRITE(IN1) (ICODI 1ilOO) THR00950

LzI*NTI
wL-NTI+l

K01- L-NRTI+I "-. ..... ................... ----- -...
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WRITE(IN1.(IF IL I * ..J. . . .
NT

.
) -... - T. 

IN 1 f E ) l NR00 980

DO 302 J-1,NTTT1O
00 303 JJ1,10O
L_LO*JJ ------- -------
LULL-199
JJJJJ+Jml

303 READ(2'JJJ)(llfl LEK oKLoLL -- 00
302 WRITE(IN1) (IFILE(I) I=2000) THRO100 0

REWIND IN1 THRO1010

WRITE(IOUT905) INloIN2,IN3 
THRO1020

GO TO 1 THR01030

PROCESS A PHASE 1 TAPE AND STORE IN FILES THR01040

400 CONTINUE -_ _THR01050

ITAPE=INN(1) THR01060

ILOADzINN(2) THR01070
RESPINN(L THR01080

IRESPPmINN(4) THR01090

ITESTwINN(5) THRO1100
IR X IRESP- ( .IRSP__ /_NR )*NR THRO1110

IRXX=IRX+IRESPP-IRESP THR01120

IF(INN(2).LTol*ORoINN(2)*GToNI) GO TO 440 THRO1130

READ(IIN906) FULLIFULL 
THRO1140

CALL STORED(ITAPEIRXIRXXITESTFULLI9FULL*NG) THR01150

GO TO 1 THR01160

440 WRITE(IOUT909) (INN(tI)It*l4) ---.- THR01170

GO TO 1 THR01180

PRINT STATUS OF TAPE THRO1190

500 CONT INUE .... -- THR01200
IN1=INN(1) THRO1210

IN2wINN(2) THR01220

DO 510 IRaIN1,1N2 THRO1230
IRXIR-((IR.R1)/NR)*NR THR01240

WRITE(IOUT,907) IR THR01250

READ l'IRX)((STAT(ItJ)t*=1 l 6) JolNI)T
DO 506 IMP NI- 270

506 WRITE(IOUT#908) IMP#(STAT(ItIMP)#I 1l6) THR01280

510 CONTINUE THR01290

GO TO 1 THRO1300

LOAD FILES FROM GRUMMAN BCD TAPE THR01310

600 CONTINUE THR01320
TN HR01330

CALL MRWND(IN1)
DO 610 O1 10 -----------------
CALL MREAD(IN1,tIFILE,360NTESTMRD)

611 CONTINUE
IF(NTEST(6)*EQ*1) GO TO 611
CALL CRUNCH IFILE.360)
WRITE(6t930) (IFILE(J)*J1,l360)

930 FORMAT(1H1/1O(1X012)) 
..... ......

KKlOK10'9
DECODE(612,IFILE ( KK )) (STAT( JK)_J=1 6)

613 CONTINUE
DO 710 IFIXu= 136...... .... " ...........

710 TATf(3IFIX)'30000
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[I _FPt NEe3) GO TO 610
STAT (2t17)a-102.333
STAT(4.17).-104.99K STAT(3,3)=2904. - ----
STAT(313).2191.
STAT (3tl8)2631.
STAT(3919)2531..

- STAT(3 35)w2931.
610 WRITE(1'I) STAT

DO 640 Iwl#NT
IPF1O*I-9
CALL MREAD(IN1,1,IFILE,3000NTESTMRD)

614 CONTINUE
IF(NTEST(6)oEQo1) GO TO 614
CALL CRUNCH(IIFILE3000)
DO 620 J=1,3000
DECODE(616FLE(J)) LX

616 FORMATI6)
S620 IFILE (J)LX

DO 622 J=5013000
I 622 IFILE(J)(IFILE(J)+2)/5

DO 624 J=1l3000
624 IFILE(J)uIFILE(J)+2048
PACK 3000 ITEMS INTO 1000 WORDS THRO1390

DO 626 J=1#1000
Ks3*J-2
FLD(0O12,IFILE(J))=IFILE(K)
FLD(12*12#IFILE(J))IFILE(K+1) .

FLD(24912#IFILE(Jf)-IFILE(K+2)
626 CONTINUE

I DO 640 K=1 5 ........ ........
IFF=IF+K-1
Jlw1+(K-1)*200
J2J1l+199

640 WRITE(2'IFF)(IFILE(J)9JwJ1lJ2)
CALL MRWND(IN1)
GO TO 1 THR01480

SPLOT ITFS THRO1490
700 CONTINUE THR01500

CALL PLOTI(IFILEINN)
IF(INN(7).EQ..lOReINN(7)*EQ*3)

1WRITE(IOUT915) (INN(I)9Iwls4)
GO, TO 1 THRO1530

DUMMY THRO1540
800 CONTINUE THR01550

GO TO 1 THRO1560
: DUMMY THRO1570
950 CONTINUE THRO1580

GO TO I THR01590
STERMNATEi-N . THR01600
1000 CONTINUE THRO1610I WRITE(IOUT912) THRO1620

p THR01630--
END THRO1640

-............ .... Figure A-i (Cont'd)
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FOR#IS STOREDtSTORED
SUBROUTINE STORED(ITAPEIRESP IRESPP ITESTFULLIFULL.NG) FOUO0010
DEFINE FILE 1(10#2169UIU1) FOU00020

DEFINE FILE 2(3600,200,UIU2) FOU0003Q..
COMMON IINIOUT#NRoNIILOAD*IRESPG
DIMENSION ISAVE(10),ZERO(1O),ZEROX(10)IREC22(1280) FOU00050

_-DIMENSION STATUS(6936) ___.... -- O_0_9
DIMENSION IAVG(119500),FULL(10)tNREC(500) FOU00070
DIMENSION IREC1(.34),IREC2(2400),IDISK(600,1O)oJREC(160910) FOU00080

EQUIVALENCE (JREC(1,t1)IREC2(641)),(IREC22(1)IAVG(1o381)) FOU00090
100 FORMAT(34A212(10OA210OA2)) FOU00100
102 FORMAT(l0E12.4) FOU00120

FOU00130
1 CONTINUE FOU00140

IRESPGuIRESP
KAVGXXO- FOU00150
IPH=l FOU00160

IRECO FOU0010
KSO FOU00180
KFAILO0 FOU00190

FOU00200

PASS 9 RECORDS - READ AND AVERAGE THE TENTH FOUOO210
10 DO 12 ii9t9 FOU00220

NGaO FOU00230

CALL READ7(ITAPE*IREC1,IREC2,IAVGKSoNG) ____ FOU00240
IF(NG*EQ.1) GO TO 99 FOU00250

12 CONTINUE FOU00260

KSKS+ FOU00270
IREC=IREC+10 FOU00280
NG=3 FOU00290

CALL READ7(ITAPEIREC1.IREC2,IAVGtKSoNG) FOU00300
IF(NG*EQ*1) GO TO 99 FOU00310
NREC(KS)=IREC FOU00320
IF(ITEST*GTo4) CALL RITREC(IRECtIREC2I1REC2(641))

GO TOP203040)IPH FOU00330
FOU00340

LOOKING FOR DC CALS FOU00350
20 IF(KSeLTe31) GO TO 21 FOU00360
300 RECORDS AND NO DC CALS FOU00370

KFAILs1 FOU00380
G TO _99- FOU00390

21 IF(KSoGT@3)KAVGXXU(IAVG(ilKS-2)+IAVG(19KS-3))/2 FOU00400
IF(IAVG(IKS)oLT*1000+KAVGXX) GO TO 10 FOU00410
IF(ITETeGT,3) FOU004-20-

1CALL RITREC(IRECIREC2tIREC2(641)) FOU00430

IRECX*IREC FOU00440
KSXKS .FOU00450
IPHn2 FOU00460
GO TO 10 FOU00470

FOU00480
LOOKING FOR END OF DC CALS FOU00490
30 KVAGaKAVGXX+500. FOU00500

II G TY ).LT KV AG AN6 T1KS- LGOTO FOU
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. l(KS.LT KSX+20) CO TO 10 .......... 2
OVER 6 SECONDS OF DC CALS FOU00530

KFAIL2 FOU00540

GO TO 99----- F.QQ 550
34 IRECY=IREC FOUOO560

KSY-KS-1 FOUO0570

GO TO 10 FOU00590
- FOU00600

C 1_ _ZI_ AR~A ...... FOUO06!1_0
SKIP 50 RECORDS FOU00620
40 IF(KS-KSY*NE*5) GO TO 10 FOU00630

SEARCH 150 RECORDS FOR EVENT PULSE FOU00650
KAVG*IAVG(1'KS)+120 FOU00660

50 DO 52 I .L _ ..- .__ ___~_. FOU_6_Q_
KSKS+1 FOU00680
IREC IREC+1 FOU00690
NECIKi.IR EC. .... ...-... I _ .. EQ 9.. Q
NGu3 FOU00710
CALL READ7(ITAPE*ECItECIREC2,IAVGKSoNG) FOU00720
IF_(NGEEQ ) G O T 99 0073Q ...
IF(IAVG(1sKS).GTeKAVG) GO TO 54 FOU00740

52 CONTINUE FOU00750
FAIL TO FIND EVENT PULSE FOUO0760....

KFAIL"3 FOU00770
GO TO 99 FOU00780

FOUO0790
FOUND EVENT PULSE RECORD FOU00800
94 CONTINUE FOU00810

IRECZ=IREC FOL .... .__O820
KSZ*KS FOU00830

FOU00840
_READ 6 RECORDS AND SAVE LAST IN ENTIRETY IN IDISK ARRAY FOU00850

DO 60 I=1.6 FOU00860
IRECwIREC+1 FOU00870
NG"3 FOU00880
KS=KS+1 FOU00890

CALL READ7(ITAPE.IREC1.IREC2.IAVG.KS.NG) FOU00900
IF(NG*EQI1) GO TO 99 FOU00910
NREC (KS) r IREC FOU00920

60 CONTINUE FOU00930
IF{ITEST.GTO) FOU00940

1CALL RITREC(IRECtIREC2IREC2(641)) FOU00950
DO 61 1=19640 FOU00960

61 IREC22(I)wIREC2(1) FOU00970
.d. 62 2-1J 1 $ - ... F OU 00980
DO 62 I9ll160 FOU00990

62 IDISK(I +200, J). JRE..(I.J) FOU01000
FOU01010

READ AND SAVE ANOTHER RECORD FOU01020
IRECOIREC+1 FOU01030

SSKS.+1 FOU 01040
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KSFwKS FOU0105
NG*3 FOU01060
CALL READ7(ITAPErIREC1lIREC2oIAVGeKS.NG) FOU01070
IF(NG*EQ*1) GO TO 99 FOUO 10 89
IF(ITEST.GT.O) FOU01090

ICALL RITREC(IRECtIREC29tREC2(641)) FOU01100
NREC(KS)=IREC FOU01110Q
DO 63 I.1,640 FOU01120

63 IREC22(I+640)wIREC2(I) FOU01130
DO 64 J=l#10 FOU01140
DO 64 I1.160 FOU01150

64 IDISK(I+360#J)*JREC(IJ) FOU01160
FOU01170

SEARCH 2 SAVED RECORDS FOR IMPULSE FOU01180
IAVGXa(IAVG(1KS-2)+IAVG(1sKS-3)+IAVG(1 KS-4))/3. FOU01190
00DO 65 13#1250 FOU01200
IF(IREC22(I).GT.IAVGX+200*oAND*IREC22(I-1).GTolAVGX+200*AND# -FOU01210

1 IREC22(I-2)GTIAVGX+200*) GO TO 66 FOU01220
65 CONTINUE _FOU0123 __

C FOU01240
IMPULSE NOT FOUND FOU01250
S KFAIL4- FOU01260

GO TO 99 FOU01270
FOU01280

FOUND IMPULSE I * THIRD ITEM OVER 200 FOU01290
COMPUTE AREA OF IMPULSE FOU01300

C FOU01310
G GET LOCAL ZERO FOR IMPULSE AREA CALCULATION FOU01320

66 JwI-2 FOU01330
XIASHaO FOU01340
KwJ-45 . FOU01350
IF(K*LTe1) GO TO 99 FOU01360
KK=J-6 FOU01370
DO 67 L=K#KK FOU01380

67 XIASHwXIASH+IREC22(L) FOU01390
XIASHuXIASH/40 FOU01400
IA-XIASH+SIGN (*SXIASH) FOU01410

FOU01420
FIND FIRST AND LAST POINT 50 OVER AVERAGE FOU01430
68 IF(IREC22(J-1)*LT*IA+50) GO TO 70 FOU01440

JwJ-1 FOU01450
GO TO 68 FOU01460

70 IF(IREC22(I+1)*LT*IA+50) GO TO 71 FOU01470
I+1- FOU01480
GO TO 70 FOU01490

71 JSTRT=J _-. FOUO1500
C FQU01510

CALCULATE AREA OF END PIECES FOU01520
AREA 000025((IREC22(J)-XIASH)**2/(IREC22(J)-IREC22(J1))+ FOU01530

1 (JREC22(1-XIASH)**2/(IREC2 (I)-IRE 22(I+1f)) FOU01540
IPTSwI-J+1 FOU01550
IF((IPTS/2)*2-IPTS*NEoO) GO TO 74 FOU01560

nsuAr aBIFIR O-0orTtrTS FOR SIMPSON ULE FO-
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JF+1OU01580
AREA.o000025*(IREC22(J)+IREC2(J-1 )-2**XIASH) +AREA FOU01590

C PERFORM SIMPSON INTEGRATION FOU01600
74 ISUM=IREC22(J)+IREC22(I) FOU01610
75 JlaJ+i FOU01620

IlaI-t  FOU01630
IF 1 lLTJ1) GO TO 99 . . . . . . . . .. FOU 1640
DO 76 K=J1#Ilo2 FOU01650

76 ISUMmISUM+4*IREC22(K) FOU01660
Jl1J1+1 FOU01670
11= 1-1 - FOU01680
IF(ll.LT.J1) GO TO 78 FOU01690
DO 77 K=J1,I1.2 FOU01700

77 ISUM*ISUM+2*IREC22(K) FOU017710
78 AREAmAREA+,00005/3**ISUM-.00500*(I-J) *XIASH FOU01720

FOU01730
C COMPUTE CALIBRATION VALUES FOU01740

IF(KSY-KSX*GT*4) GO TO 79 FOU01750
NOT ENOUGH DC CAL RECORDS _ _ FOUO9760Q

KFAILaS FOU01770
GO TO 99 FOU01780

79 FULLI=3,*FULLI /(IAVG(1oKSX+2)+IAVG(1,KSX+3)+IAVG(1KSX+4) FOU01790
1 -IAVG(1.KSY+1) -IAVG(1IKSY+2) -IAVG(1lKSY+3)) FOU01800

FOU01810
AREA IN POUND-SECONDS FOU01820

AREAI*AREA*FULLI FOU01830
DO 42 I12.11 FOU01840
S J=i-1 FOU01850

42 FULL(J)=3.*FULL(J) /(IAVG(IKSY-3)+IAVG(loKSY-4)+IAVG(loKSY-5) FOU01860
1 -IAVG(IsKSY+1) -IAVG(I#KSY+2) -IAVG(IoKSY+3))/AREAI FOU01870

& IFOU01880
IT IS NOW NECESSARY TO FILL THE IDISK ARRAY TEN TIMES AND WRITE FOU01890
IT INTO FILE 2 TO COMPLETE STORAGE OF RESPONSES FOU01900

FOU01910
2 RECOR- (6-4MSAiFARE A-VEIN DIS K AAY .FOUO1920
STORE THE LAST KNUM MILLISECONDS OF THESE VALUES FOU01930

C FOU01940
KNUMS(1290-JSTRT)/20. FOU01950
Ka316-5*KNUM FOU01960
DO 228 I=1KNUM FOU01970
KK+SK FOU01980
DO 228 J=1910 FOU01990

AVERAGE 5 POINTS TO GET 1 MILLISECOND DATA FOU02000
228 IDISK(I,J)=(IDISK(K+200,J)+IDISK(K+201*J)+IDISK(K+202,J)+ FOU02010

1 IDISK(K+203 J)+IDISK(K+204#J)+2)/5 FOU02020
NSET~L FOU02030
InKNUM FOU02040
K156 FOU02050
DURI6000.. ... FOU02060
GO TO 211 FOU02070

209 DO 210 Jal#10 FOU02080
210 IDISK(IJ)=(JREC(KJ)+JREC(K+1 J)+JREC(K+2,J)+JREC(K+3.J)+ FOU02090

1 RJREC(K+4J)+2)/5 : FOU02100
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11 P.(KPANE.156) GO tO 212 -- _.__F9U2110
Kf-4 FOU02120
KSoKS+1 FOU02130

I R _ E C w! R E C+ 1 . - ._ _ _2 1 4 0
NG*2 FOU02150
CALL READ7(ITAPE.IREC1IREC2oIAVGoKSoNG) FOU02160

. NECKSIJRCEC-_____._--___-__-_, . -- I- ,FQV.QZ170...
IF(NG*NE*1) GO TO 212 FOU02180

EARLY END TO DATA FOU02190
DUR600* ( NSET-1)+I FOU02200
I .+1 FOU02210
IF(II*GTe600) GO TO 220 FOU02220
KSMuKS-1 FOU2230
DO 213 I!11600 FOU02240E DO 213 J=lolO FOU02250

FILL OUT RECORD WITH AVERAGE OF LAST RECORD FOU02260
213 IDISK(I*J)NIAVG(J+1,KSM) FOU02270

NSETu1O FOU02280
GO TO 220 FOU02290

212 KNK+5 FOU02300
IF(IEQ.600) GO TO 220 FOU02310
II+1 FOU02320
GO TO 209 FOU02330

FOU02340
SPACK 600 WORDS INTO 200 FOU02350
220 Lu1 FOU02360

M1u4096*4096 FOU02370
DO 222 LL=19200 FOU02380
DO 221 Jl10 - FOU02390

221 IDISK(LLJ)u(IDISK(LJ)+2048)*M1+(IDISK(L+1,J)+2048)*4096+ FOU02400
1 . (IDLSK L+2 .J)+2048-) ......... FOU02410

222 L*L+ FOU02420
JJO0 FOU02430

C STORE IN FILE 2 FOU02440
S DO 242 JwIRESP9IRESPP FOU02450
JJmJJ+l FOU02460
IFILE-360*(J-1)O+10(ILOAD-1)+NSET FOU02470

242 WRITE(2°IFILE)(IDISK(IJJ)I=19200) FOU02480
Iul FOU02490
NSETuNSET+1 FOU02500
IF(NSEt*O1Tf GO 8-O45 FOU02510
GO TO 209 FOU02520

319 WRITE(IOUT#107) AREAIoDUR FOU02530
107 FORMAT(/T/' IMPULSE AREA IN B-SEC'°F1Oo.6/ FOU02 540

1 ' DURATION OF RESPONSE IN SECONDS=',F7.0) FOU02550
__FOU02560.

C CALCULATE ZERO FROM REGION AFTER EVENT PULSE FOU02570
00 350 I1.10 Foou02580s
LI+I FOU02590

350 ZERO( i I-- AVG-('LKSZ+2o-)+1-AVG(L*KSZ+3)+IAVG(LKSZ+4)+AVGiL-KSZ+5)) FOU02600
1 /4o FOU02610

FOU02620
CALCULATE ALTEATTM-Z-tE 2-RO FR-- AVERAGE OF ENT IRE- TFEX PT FOU026--
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LASTRECORD AND FIRST 320 MILLSECND FuO02640
KSFFnKSF+10 FOU02650
KSL=KS-1 FOU02660

.. .DO 354 I-l .... . . ..........910.. .
ZEROX( t!)0. FOU02680
DO 352 KmKSFF9KSL FOU02690

1 _2 ZLEROX )_.lZ1 E ROX L)+!.A I+1*K) __ . . . ... . .. ............ FOUZ7QQ._
1 354 ZEROX(I)=ZEROX(I)/(KSL-KSFF+1) FU02710

FOU02710
C UPDATE STATUS FILE FOU02720

IO FOU02730
DO 360 JwIRESP#IRESPP FOU02740

I+1 _ FOU02750
READ(1'J) STATUS FOU02760
STATUS(1oILOAD)sFULL(I) FOU02770
STATUS(29ILOAD)mZERO(I) FOU02780
STATUS(3*ILOAD)wDUR FOU02790
STATUS(4ILOAD)mZEROX(I) FOU02800

__5TATUSS _ , OAD) _FUL;I FOU2_0__810_
STATUS(69ILOAD)*AREAI FOU02820

360 WRITE(1'J) STATUS FOU02830
99 CONTINUE FOU02840

CALL MRWND(ITAPE)
WRITE(IOUT,101)(J9J1.l9)

101 FORMAT(///' SUMMARY OF RECORD AVERAGES'// REC IMP is
1 9(' R°.II)}' R10'//)
J1UKSX-4 FOUO2880
J2mKSY+4 FOU02890
WRITE(IOUT,08)(NREC(J)t(IAVG(IJ),Ilo11)#JJ1oJ2) FOU02
J1.KSZ-2
J2=KSZ+6
WRITE(IOUT#108)(NREC(J) (AVG(IsJ)I=1 )*J=JJ2)
J1.KS-4 FOU02940
J2=KS FOU02950
WRITE(IOUTt1O 8)(NREC(J)*(IAVG(I1J)*I 1*ll)tJ=J1 J2)

108 FORMAT(1216) FOU02970
RETURN . FOU02980
END FOU02990,

S o Figure A-1 (Cont'd)

Program I - Fortran Listings



46

*FORIS RITREC9RITREC
SUBROUTINE RITREC(JBIBIC)....................... FIV0002
COMMON IINIOUTNRsNI9LOADIRESP
DIMENSION ICSUM(11)oIBSUM(32) FIyOOOf
DIMENSION IC(160,11)18(2400) FIV0006

100 FORMAT('1RECORD NOo'14*10OXt*LOAD NOo'#I3t8XttRESP, NO*O13 FIV0007
1 //40Xo'IMPULSE TRACK'o60XotRESPONSE NO_ __L. / FV.0008

101 FORMAT(13*2X.20152Xt5S5) FIVO009
102 FORMAT(1HO , 1XS(5X'RESPONSE NO,'I13#6X)) FIVO010
103 FORMAT(13515#4(lX5IS_)) FIVOO11
104. FORMAT(1H1 , 1X.5(SXtRESPONSE NO, .I3,6X)) FIVOO12
105 FORMAT(1X,1615/1X,1615/16,I10,105) FIV0013

DO 9 .19:11 FIV0014
ICSUM(I)-O FIVO015
DO 8 J=1*160 FIVOO16

8 ICSUM(I)UICSUM(I)+IC(JI)_ FIV0017
9 ICSUM(I)fCSUM(I)/160*+5--- FIV0018
WRITE(IOUT,100) JBtLOAD.IRESP . FIV0019
DO 4 I132 .. FIV0020'
IBSUM(I)UO FIV0021
J1u20*I-19 FIV0022
J2=J1+19 FIV0023
.DO 12 J~JlJ2 .. FIV0024

12 IBSUM(I )IBSUM(1)+IB(J) FIV0025
IBSUM(I)*IBSUM(I)/20o+o5 FIV0026
J3 5t*-4 FIV0027'
J4=J3+4 FIV0028'

4 WRITE(IOUT.101)(IB(J) J=J1tJ2)t(IC(J1l)tJ=J3.J4) FIV0029
WRITE ( fUTi'TO2-) (K K-w2v6) FIVO30,
DO 5 1*1,16 FIV0031
JlmSI1-4 FIV0032
J2*J1+4 FIV0033,

5 WRITE(IOUT,103) It((IC(JK),J=J1,J2)pK26) FIV0034,
WRITE(IOUT104)(K.K*2#6) FIV0035
5DO T'- [.11ar2f FIV0036
J15*I-4 FIV0037
J2UJ1+4 FIV0038

7 WRITE(IOUT l03)i*((IC(JK)*J=J1J2)sK=2#6) FIV0039
WRITE(IOUT,102)(KoK*7,11) FIV0040
DO 6 I132 FIVO41
J15*1w-4 FIV0042
J2"J1+4 FIV0043

6 WRITE(IOUT 103) I*((ICJK),J=J1J2),K=7,11)- FIV004.4
ICSUM(11)=O FIV0045
DO 11 I=*132 FIV0046

11 ICSUM(11)ICSUM(11)+IBSUM(I) FIV0047
ICSUM( 11 )ICSUM(iI)/32o+*S FIV0048
WRITE(IOUT*105) IBSUM.ICSUM(1) t(ICSUM(J)IJ=u11O) FIV0049
RETURN FIV0050
END F IVOOSi
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*FORIS READ7tREAD7
SUBROUTINE READ7(JTAPE.IREC1.IREC2.IAVGoKSoNG) FIVO05 2C

- ~~CtMiM iN A_ l~k _~__.... _~.... __ _-.-_ .~._..- __--------- - -.- ---.---... -..~ - -- ^--

DIMENSION IAVG(11l) FIV0054C
DIMENSION IREC1(34),IREC2(2400) FIV00550

100 FORMAT(34A2.12(10OA210OA2)) FV_ _ 0560
101 FORMAT(' READ ERROR ON UNIT'913' KS'st13s' PREVIOUS RECORD USED°)FIV0057C
102 FORMAT('OEND OF TAPE. KSt1I3) FIV0058C
90 CALL UNPACK(JTAPE#IREC29ISTAT)

IF(ISTAToEQ*2) GO TO 110
IF(ISTAT*EQe-1) GO TO 120

93 IF(NG*EQ*O) RETURN FIV00650

C CONVERT IMPULSE NG&1 RESPONSES NGw2 BOTH NGw3 FIV0066C
IF(NG*EQ.2) GO TO 11 FIV0067C
DO 10I-.16_40__ FI.._ __068__

10 IREC2(I)wIREC2(I)-2048 FIV00690
IF(NGoEQ*1) GO TO 13 FIV00700

11 DO 12 641,_ 2400 ___ FIV007 10
12 IREC2(1)-IREC2(I)-2048 FIV00720
13 CONTINUE FIV0073C

_105 CALL. _AVTRI C2IAVG( 1KS) NG) . FIVO_P74.
NGwO FIV00750
RETURN FIV0076C

110 NGIl1 __ __ _ FIV0077C
WRITE(IOUT,102) KS
RETURN FIV0079C

120 WRITE(IOUT9101) JTAPE9KS_
IF(NGoEQoO) RETURN FIV00810
IF(KSoLT*2) GO TO 122 FIV0082C
DO 121 tIo11l FIV0083C

121 I -ViT-OKS I-AVG l(, # KS-I - FIV0084C
GO TO 124 FIV00850

122 DO 123 In1t11 FIV0086C
123 IAVG(IKS)-O0 FIV0087C
124 NG=O FIV0088C

DO 125 1,o2400 FIV00890
125 IREC2(I)nO FIV00900

RETURN FIV091I
END FIV0092C

__Figure A-1 (Cont'd) ___
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*FORIS AVGoAVG
SUBROUTINE AVG(IRECIAVGoNG) FV00950
DIMENSION IAVG(11) FIV00960
DIMENSION IREC(2400) FIV00970
ISUM O FIV00980
DO 1 Itll FIV00990

AVG)m0 FIVO10 00
C AVERAGE IMPULSE NGI1 RESPONSES NG=2 BOTH NG*3 FIV01010

IF(NG.EQ*2) GO TO 3 FIV01020
5 DO 2 I=19640 FIV01030
2 ISUM=ISUM+IREC(I) FIV01040

ISUMISUM/640o+*5 FIV01050
IAVG(1)wISUM FIV01060
IF(NG*EQ*1) RETURN FIVO1070

3 DO 6 J211 FIV01080
ISUM=O FIV01090
K0641+(J-2)*160 FIV01100
LmK+159 FIVO1110
DO 4 IwK9L I FIV01120

4 ISUM=ISUM+IREC(I) FIV01130
6 IAVG(J)wISUM/160s+.5 FIV01140

RETURN FIVO115O
END FIVO1160

*FORIS UNPACK.UNPACK
SUBROUTINE UNPACK(1Nl1IREC2ISTAT)
DIMENSION IREC2(2400)N(8),DUM(812)
CALL MFC(N)
CALL MREAD(IN1,1DUM#8129N#M)

3 CONTINUE
IF(N(6)oEQ.1)GO TO 3
ISTAT * N(6)
IREC2(1)=FLD(12#12vDUM(121)
IREC2(2)=FLD(24912#DUM(12))
IREC2(2400)FLD(Ot12DUM(812))
DQ 2 K*13.811
Js3 K-36
IREC2(J)uFLD(0#12#DUM(K))
IREC2(J+1)=FLD( 1212,DUM(K))

2 IREC2(J+2)=FLD(24-2*DUM(K))
RETURN
END
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*FOR.IS PLOT19PLOT1
SUBROUTI NE PLOT I F .L. J.NN ...... ............. . ..... ..........
COMMON IINIOUTNRNI
DIMENSION STAT(6,36)
DIMENSION X(301)Y(301)IFILE(1)1INN(8)
IRlwINN(1)
IR2*INN(2)
AILlINN(3) .
IL2*INN(4)
MSmINN(5)
NPTwINN(6)
IPR=INN(7)
IOPENwINN(8)
.IF(IOPEN EQSR ORPENEQO3) _CLOPEN PLOT J TIN
XL10.
YL2*O
X(1)O*

WRITE(IOUT100)
100 FORMAT(///# PLOT PACKAGE EXECUTING@)

1 NPTS=MS/NPT
IF(NPTSeLE.300) GO TO 2
NPTuNPT+1 __ _

GO TO 1
2 DXwXL/NPTS

DO 3 I 1iNPTS .-.
3 X ( I+1)DXeI
MSoNPT*NPTS
DO 200 IL IL19IL2
DO 200 IR=IR1#IR2
IRXlIR*((IR-)/R)NR
READ ( 1 I RX) ((S *TT ( -J) .=L 6) J1........

rCONsSTAT(1,IL)
ZERO-STAT(2IL)
IF( IRX-1)*O*NI+10*(IL-1)
DO 6 Jm110
LL200*J
LaLL-199

IF((3 t L-3)*GTMS) GO TO 7

- --.-.--. . . .....-..-.---.-.- . - .. - .....-- .- ---.--------

........ . _... ......... . .- - -
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IFF=IF+J... . .... ................ ...... . ....

6 READI2'IFF)(IFILE(K),KnL#LL)
7 NPTSSwNPTS+1

DO 40 *INP S_.
IPuI+1
Y(IP)rmO
DO 10 J=lNPT
K" (I-1 )*NPT+J
KW=( K-1) /3+1
KPI ABS( K- ( KW-U *l)_3'-1

10 Y(IP)=Y(IP)+FLD(KP,12oIFILE(KW))
40 Y(IP)nY(IP)/NPT-2048e-ZERO

IF (j .PR_._EQ •2) __TO._. 60
C PLOT X VS Y NPTSS VALUES
C X IS IN INCHES RANGE 0 TO 10 INCHES IS TIME FROM 0 TO MS MILLISECONDS

C Y IS IN COUNTS FROM _2048 TO +2048_ ____

C CON IS MEASUREMENT UNITS PER PUUND SECONDS PER COUNT

IF(IPR*EQ.1) GO TO 200
60 WRITE(IOUT#902) IRILNPTSNPToNPT

902 FORMAT( 1H1/t RESPONSE I3- r  LOAD I 13-X. 4- POINTS. STARTING .

1 ' AT',I3,' MS. SPACED EVERY',139' MS IN COUNTSo ZERO ADJUSTED')

WRITE (IOUT,903) Y( YI) 2... NPTSS) .. -

903 FORMAT(////(1HO1OF1O.1))
200 CONTINUE

C IF(IOPENoGTol) CALL CLOSE PLOT ROUTINE
RETURN
END

Figure A-i (Cont'd) .
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DEFINE FILE 1(10,216,UIU1)
DEFINE FILE 2(3600,200,UIU2)
DEFINE FILE 3(36*1200,UIU3)
COMMON IINIOUTNRNIILOAD
INTEGER FeFF

.. - DIMENSLON ILE(6000)ItTF(11200),YITF(1200 ..)
DIMENSION F(6)*RESP(1201)tSC(36),MT(),DT(6)DT TEMP(1201)

DIMENSION FEMP(1200)JTEMP(1200)*F1(1200),FOR(12
0 0 )

DIMENSION SUM(1201) STAT(6,36) IFILL(200.10)
EQUIVALENCE (IFILL(191) IFILE(4001))
EQUIVALENCE (IFILE(1),TEMP(1))O(IFILE(1201)tFEMP(1))
EQUIVALENCE (IFILE(2401)*JTEMP(1))*(IFILE(3601)*Fl(1))
EQUIVALENCE (IFILE(4801)*FOR(1))
DATA F/'LOAD ''TIME *'FORCE 1''RESP ','PLOT ','CYCLE '/

901 FORMAT(A6*314)
902 FORMAT(///' NO LOAD CARD - QUITi)
903 FORMAT(///' ERROR - RESPONSES ON TAPES',214)

904 FORMAT(///# ERRR - MOUNTED TAPE'sI49' NEED TAPE'PI4)
905 FORMAT(///§ RESPONSES'I14, TO'1 I4,' LOADED FROM UNIT',I3)

906 FORMAT(/// USING FILES WITHOUT LOADING FROM TAPE')

907 FORMAT(///' ERRORt UNIT=',I4)
908 FORMAT(///' NO TIME CARD - QUIT')
909 FORMAT(///' SET TO RUN'.I5 ,' POINTS AT',I39' MS'/

__ _ _ ' T OAL TIME**I5-' MS').
910 FORMAT(/// SOMETHING WRONG THERE - QUIT')

911 FORMAT(A6,4X,6(15tF5.0))
912 FORMAT.L/' NO FORCE RD- UIT ...... ... ..

913 FORMAT(///' USE PREVIOUS FORCES')
914 FORMAT(///' TOO MANY VALUES IN FORCE TABLE - QUIT')

915 FORMA.T(12_F L ...
916 FORMAT(/// ERROR IL ,GT. NI - QUIT')
917 FORMAT(16F5.0)
918 FORMATCA63149E12.0)
919 FORMAT(///' ERROR IN RUN CARD - IRAtIRB= '214,' QUIT')

9190 FORMAT(///' SET TO PROCESS RESPONSES'914 
* TO'1I4)

920 FORMAT(///' INCORRECT FILTER INFO - QUIT')

921 FORMAT(///' USE CALIBRATED ZERO')
922 FORMAT(///' USE AVERAGED ZERO')
923 FORMAT(//# USE FILTER TO KILL FREQUENCIES BELOW'.F6*19 CPS')

925 FORMAT(1H1,'RESPONSE',3* LOAD'*I3#' EVERY'I#4e' MS'///

1 (10E13.4/))
926 FORMAT(1H1,'SUM OF ABOVE RESPONSES'///(10E13.4/))
927 FORMAT(A6514#F1O.O)
928 FORMAT(///' RECYCLE TO POINT'.I3)
929 FORMAT(1H1lFORCING FUNCTION'

t I 3'9 EVERY'9!39' MS, STARTING ATI'

1 3I'o MS'//(10E13.4))
930 FORMAT(///' ERROR IN PLOT CARD')

IIN 5 ........ .... ..... ... __.. .. __...... .... ...... ... .. . _...... . .......... .... .. ... ........

IOUT=6

Figure A-2

Program II - Fortran Listings



52

NR=1!0 -- *- --

NI=36
NT=NR*NI

NTTTlO*NT
NTI=6*NI
CALL PLOTA ------------------ -

C READ LOAD CARD
1 CONTINUE
READ(IIN,901) FFIlU1 R1 IR2
IF(FFsEQF(1)) GO TO 10
WRITE(IOUT.902)
GO TO 99 --

10 IF(IU*EQO) GO TO 34
IF(IU.GT.6.ANDIULTO10

0 ) GO TO 12

WRITE(IOUT,907) IU
GO TO 99

12 REWIND IU
ICD=( 1R1-1) /NR+1I.
ICD2=( IR2-1)/NR+1
IF(ICD1oEQ*ICD2) GO TO 20

WRITE(IOUT.903) ICD1ICD2 ----- - ---

GO TO 99
20 READ(IU) (ICD91=1,100)

IF(ICDoEQ.ICD1) GO TO 30
REWIND IU
WRITE(IOUT904) ICDlICD1
GO TO 99 ----- -------

30 READ(IU)(IFILE(I)I=1lNTT)
DO 31 I=110O
J2 1 *NTI_. _ _____

J1=J2-NT +1
31 WRITE(1'I)(IFILE

(J)oJwJ1' J2)
DO 32 J=lNTTT10

READ(IU)((IFILL(KL)tKul200)L=l91lO)
DO 32 L011O
JJUJ+L-____ _______

32 WRITE(2'JJ) IFILL(KL) 
K = 19200)

REWIND IU
IRX=ICD*NR-9 __ ___ _----

IRY=IRX+9
WRITE(IOUT,905) IRX lRY#IU
GO TO 36 . -- --

34 WRITE(IOUT,906)
C READ TIME CARD

A36 READ(I N,_9___FFTNP TSNMS_
IF(FF.EQOF(2)) GO TO 40
WRITE(IOUT 908)
GO TO 99GO TO 9 9 --.-.----.-.- 

---- * -

40 MTIMEoNPTS*NMS
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WRITE(IOUT9909) NPTS,NMS9MTIME
IF(NPTS*GT.1.AND.NPTS.LT*1201.ANDMTIMIE*LT.60

0 1) GO TO 44

WRITE(IOUT910)
GO TO 99 __

C SET UP FORCING FUNCTIONS
C READ FORCE CARD

44 READ(IIN,911) FF9(MT(I)oDT(1)9Iu196) ....

IF(FF.EQ*F(3)) GO TO 50
WRITE( IOUT,912)
G O T O 9 9 .I f 0

50 IF(MT(1)*GT*O) GO TO 52
WRITE(IOUT9913)
GO TO 70 .__

52 NSET=MT(1)
MTT=NSET
DO 2 I1.NI

2 SC(I)O0,
DO 54 Iul9MTT

54 .T MP _ D _ T ( 1-
DO 56 J=2 6
IF(MT(J)*LT*1) GO TO 60
MTJ=MT(J) __
MTT=MTT+MTJ
IF(MTT.GTe1200) GO TO 58
DO 56 1iuL9MTJ
NSET-NSET+1

56 TEMP(NSET),TEMP(NSET-1)+DT(J)
GO TO 60

58 WRITE(IOUT914)
GO TO 99

.. CR...TC_.E_IERPOLAT E. 1 ME. . ___ ....... ..............
60 DO 604 I",NPTS

ISIl
TG=INMS
IF(TG*GT*TEMP(1)) GO TO 606
JTEMP(I)"1

604 Fl ()I ITGLEMP_.I.) .
GO TO 612

606 J=2
_ 106.I0._. lSI S _---___ ... _...

TG"* eNMS
607 IF(TG*LEeTEMP(J)) GO TO 608

.J=J+1 _ __________

GO TO 607
608 JTEMP(I)-J

F (I)=(TG-TEMP(J-1))/(TEMP(J)-TEMP (J1))

610 CONTINUE
612 CONTINUE

.L _EA......... I....SC L....
IF(ILLT.1) GO TO 70

Figure A-2 (Cont'd)
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IF(IL*LE.NI) GO TO 62
WRITE(IOUT,916)

__ _. GO TO 99
62 READ(IINo917)(FEMP(I)oI1slMTT)

DO 66 I=l,NPTS
J=JTFMP(I)
FOR(I)uFEMP(J)*F1(I)
IF(J*EQ.1) GO TO 66
FOR(I)=FOR(I)+FEMP(tJ-1)*(1.-F1l ))

66 CONTINUE
WRITE(3'IL)(FOR(1)l*I1lNPTS)
WRITE(HOUT,929) ILNMS#NMS,(FOR(I)Il1,NPTS)
GO TO 61

70 CONTINUE
C FINISHED READING* INTERPOLATING AND STORING FORCES
C READ RESP CARD

71 CONTINUE
READ(IIN1918) FF9IRA9IR8BIZFIL#FREQ
IF(FF*NE.F(4)) GO TO 99
IF(IRA.GE.IRX.AND.IRB*LE.IRYoAND*IRA.LE.IRB) GO TO 72
WRITE(IOUT*919) IRA IRB
GO TO 99

72 WRITE(IOUT#9190) IRAIRB
IF(IZFIL*GT0.GANDeIZFIL*LT94) GO TO 74
WRITE(IOUT,920)
GO TO 99

74 GO TO (76,78*80)9IZFIL
76 WRITE(IOUT,921)

GO TO 82
78 WR I TE OUT922) _2J_

GO TO 82
80 WRITE(IOUT,923) FREQ
82 CONTINUE_

.C READ PLOT PRINT CARD
83 READ(IIN,927) FFoNPL

IF(FF*EQ*F(5)) GO TO 84
WRITE(IOUT930)
GO TO 99

84 CONTINUE
DO 8.00 IR=IRA9IRB
DO 110 I=1NPTS

110 SUM(I)O
SUM(NPTS+1)*C.
IRZ=IR-((IR-1)/NR)*NR
READ(1'IRZ) STAT
DO 700 IL=1#NI
IF(SC(IL)*EQ.Oo) GO TO 700
IF=((IRZ-1)*NI+CIL.-,_* QLO1 _
DO 120 I1=110
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f _ FF t LF___ __E_ _ I ....... .... ........................................ ......... . ....... -------

120 READ(2'IFF)(IFILL(JIl)oJ=1 200)
MPAC=STAT (3 IL)+1
IF(I FIL*EQ,3) GO TO 122

IF(MTIMEeLT*MPAC) MPAC=MTIME
122 J=O

DO 124 I=1,MPAC _

K=4001+(I-1)/3
IFILE(I)=FLD(J,12,IFILE(K))-2048
J=J+12 __ _ _____

IF(J*EO36) J=O
124 CONTINUE

GO T0A_130 r 131i.50) FIL _ _ - - -- I
130 ZER=STAT(2#IL)*NMS

GO TO 132
131 ZER=STAT(4oIL)*NMS
132 MPTS=NPTS

IF(MPACeLT.MTIME) MPTS=MPAC/NMS
GO TO-133

150 CONTINUE
MPTS=NPTS
IF(MPAC. LTM _IMFL MPTS=MPAC/NMS
NEED=MPTS*NMS
CALL FILT(IFILEMPACoNEED9FREQ)
7FR=O .___

133 CONTINUE
DO 140 I=1MPTS
TTF( I)=O
DO 138 J=1,NMS
K (I-1)*NMS+J

13A I TF( )=ITFIE+IILE(K)
140 YITF(I)=ITF(I)-ZER
400 CONTINUE

READ (3' IL) (FOR (1) _ Il MPTS)
MPTSS=MPTS+1
DO 402 I=1MPTSS

402 R SP(II ..... ...------ --
DO 404 I=1,MPTS
JM=MPTSS-1
DO 404 J=lJM- -
JP=J+I

404 RESP(JP)=RESP(JP)+FOR(I)*YIT
F (J)

SCA L ESTAT ( 1 L ) * 0 0 1 *SC(ILL
DO 406 1=1MPTSS
RESP(I)=RESP(I)*SCALE

406 SUM(I )=SUM(I )+ PI _
WRITE(IOUT,925) IRILNMS*(RESP(I)I1=2,MPTSS)
IF(NPL*EQ*2) CALL PLOTB(IRILMPTSSNMS9RESP)

_10D CONTINUE -- _ .- -
WRITE(IOUT,926)(SUM(I) ,I=2MPTSS)
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IF NPI. A.E1Ai CALL PLQTR I lJL SSMIs-S-UM1- - -

800 CONTINUE
C READ RECYCLE CARD

RFAfl(TNe9 27_FC--- FENCY

IF(FF.NE.F(6)) GO TO 99

WRITE(IOUT ,928)
nTO (1*Ae44-l71-99-L±CY . .........

99 CONTINUE
CALL PLOTC
STOP - -----------

END

*FORIS PLOTBPPLOTB
SUBROUTINE PLOTB IRILMPTNMSY)
DIMENSION Y(1)

C PLOT ROUTINE HERE
RETURN
ENTRY PLOTA

C PLOT INITIALIZATION HERE
RETURN
ENTRY PLOTC

C PLOT TERMINAT LH E RE
RETURN
END

Figure A-2 (Cont'd)
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*FOR*,IS FILT9FILT

DIMENSION IFILE(l),X(2,300),Y(2,300),W(2,300),Z(2,600)

FREQuABS (FREK) - ___ - - - -. - -- - - -

NMSws1
I MPT=NPTS/NMS

IF(MPT*LT#30O) GO TO 2_____-
NMSeNMS+1
GO TO 1

2 NPToMPT*NMS_____

NKILL02*O1+FREO/DF
MKILLOMPT+2-NKILL .- ___

IF(FREKeGT*-1.) GO TO 4
NMS=20
MPTml25 . -_ _ _ _ _ . . -----.--- _ _ _ _ _ _

K!LLEFREQ/o4+*O1
NK ILLwK!LL+2
MKILLwI25-KILL -__ ~ _______

4 CONTINUE
DO 3 !uIg300

3 X(2sI~. .__ _ - -- - - -- - __ _ _

Kul1
* 00 6 Iwl#MPT

DO 6 Jw1.NMS
X(19I )=X(1#I )+IFILE(K)

6 KwK+1 __ __ __

DO 16 Iwl#MPT --..---.--. _ _ __

16 X(ltI)mX(1.I)/NMS
CALL FASTI(XoYtMPT#Z*Wt1)
DO 7 I=NKILL#MI(ILL
Y(19I 800

7 Y(29I)m~e __ _ _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _

CALL FASTl(Y-9X#MPT#Z9W9-1)-. -_ __ ____

DO 8 !u1.MPT
.8 X(1,I)wX(l#I)/MPT _ _ _ _ ____ ____ ______

DO 12 I1NEED

-2ti!. .. .. _ _ U. (. .. ___ T0---(F * -l- 1-l-.. .. .

RETURN
END__ _ __ _ _ _ _ _ _ _ _ __ __ _

____- . Figure A-2 (Cont'd),_ _ _ _ _
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SUBROUTINE FAST1(XsY9N9Z9W*S) TWOO2260
C FAST FOURIER TRANSFORM OF COMPLEX DATA BY DAVID IVES, GRUMMAN TWO002270

x....N INPUTVALUFS (COMPLFX) TWOO_.L-
Y**N OUTPUT VALUES (COMPLEX) TWO02290
No**NUMBER OF VALUES TWO02300
Z..ApADUMMY STORAGE OF LFNGTH 2N (COMPLFX) TWOO2

C W****DUMMY STORAGE OF LENGTH N (COMPLEX) Tw002320
C S*.***SIGN CONTROLLING DIRECTION OF TRANSFORM TW002330
f THIS PRODUCES 'OUTPUT Y' FROM 'INPUT X', WHERE TWO02340

KuN TWO02360
C Y(J)SUM X(K)*EXP(SIGN( 1 ,S)*I*2 PI*(J-1)*(K-1 )/N) TWOO2370

K=u TWO02380

WITH I=SQRT(-1) S=+l, OR S=-1.* AND PI=3.14159...**... TWO02400
C COMPLEX NUMBERS ARE HANDLED IN FORTRAN 4 CONVENTION# NAMELY THE TW002410

REAL AND IMAGINARY PARTS ARE STORED IN ALTERNATE CELLS9 STARTING- TW002420
S .WITH THE REAL PART OF X(1) IN THE FIRST LOCATION9 ETCo TW002430

DIMENSION X(1)#Z(1)fW(1)9Y(1) TWO002440
MOD(JtK)=J-(J/K)*K TW002450
DO 1 I=1,N TW002460
W(2*I-1)=COS((628318530717959/N)*(I-1)) TWO002470
W(2*I)u SIGN(1,S)*SIN(6.28318530717959/N)*(I-1)) TW002480
Z(2*I-m1)X(2*I-1.}. TWO02490

1 Z(2*I)=X(2*I) TW002500
ID=N TWO002510
DO 4 J=D1N TW002520
IF(ID-1) 5,5915 TWO002530

15 CONTINUE TW002540
00 2 X2,9 ___TW002550

IF(MOD(ID9IX)) 39392 TW002560
2 CONTINUE TWO02570
3 ID=ID/IX TWO002580

ISuN/ID TW002590.
DO 4 L1"1uIS TWO02600
DO 4 L19~ID TWO02610
JM=(MOD(L+(L1-1)*ID*IXN)+MOD(J+192)*N)*2 TWO02620
JPu(L+(L1-1)*ID+MOD(J2 )*N)*2 TW002630
Z(JP-1)=Z(JM-1) TWO002640
ZIJP)=Z(JM) TWO002650
DO 4 IHw2IX TW002660
:IG(MOD((L1-1)*D*D*( IH-1 )N)+1)*2 TW002670
IUuJM+(IH-1)*0D*2 TWO002680
Z(JP-)=Z(JP-1)+Z(IU-i)*W(IG-I)-Z(IU)*W(IG) TW002690

4 Z(JP)rZ(JP)+Z(IU)*W(IG-1)+Z(IU-1)*W(IG) TW002700
5 DO 6 IslN TWO002710

Ka 2*(MOD(J+1I2)*N+I)-1
Y(2*i-1) Z(K) _ TW002730
KK+1 TWO002740

6 Y(2*I)=Z(K) TWO002750
RETURN TWO002760
END
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t* (RUN CARD)

*ASG T 2,F2/7/POS/7
*ASG TB 1098CA06515
4 ASGTB 1,CT-;----; T APE S

*MOVE 11.91

*ASGTB 12,8CTAPE6
*MOVE 12.,1

*ASGTB 20,8CSCRATCH

---------- FORTRAN DECKS

*MAP I .MAP .PROG

SEG TOP*
IN ITFI
LIB MSC*LOCALIB

*XQT ePROG

STATUS 1 10
RUN 11 5 1 10 5

.. 5. 0. .- 3 63. - 21; .624 . I 92 I -. 5-3 0. 179' - 179

RUN 12 6 1 10 5

12500. 1343. 750. 1460. 733. 1284. 1305. 767. 752. 210. 210.
" LO ....... i- --lO ..... 5 -- - ; 5-0-0 - ii- ~~2~- ~ 6-----~- - ---- ....... --i i--~- ... ...... . .. . . . ... . ........... ~-- ~- - ................

STATUS 1 10

DUMP 20 1 10

*PMD*E
*FIN

S= 7/8 PUNCH

Figure B-1
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RECORD NO. 469 LOAD NO. 6 RESP. NO. I

IMPULSE TRACK RESPONSE NO. I

1 18 11 14 17 16 14 13 15 17 .17 16 20 20 18 17 19 21 22 20 19 8 10 7 6 9
- -2 -. ---.-2- -- 2- -- 2 -- 2-0- -21- 18 4-6- 16 16 17 -17 1-6_.. 1-8 -19-- -22- 22 ..---2-1- 8 .. --- t-2- ... t- . - - 5 . . '

3 18 20 19 17 19 22 23 21 19 19 21 21 19 16 14 14 15 IS IS 15 S 3 5 9 10
-- - ; -r- .- 4- -- . .-- 1-41- +6 -- -I-&- - -4 S-. +6 --4 8- -4-7 --- -- I$ - .- -20-- --2-- -23---4S----- ----6 -- --- 9--- -- . -- -... -2 . . .

5 22 19 15 13 11 12 13 13 16 18 16 IS 18 17 1q 13 Is 18 20 22 8 10 12 12 13
-4 Z - - 47 -- - 1.4-- - 1 - 17 16- 16 17 7t 22 19 --17- 16-- -- 7- -19 --20- .21- -20- 13 4 13- I 10----
7 17 18 17 14 IS 18 19 18 21 20 21 17 16 17 16 15 18 21 23 22 9 7 5 4 3

-- 8--8- ---7 - 7--- 1- -- 16 -- 20 22 21 - 14 1-6 17 -18- - 18 1-7 - -2-0---. 18-- I4 -.-2 - 3 3 3- 6 1-- •7
9 13 15 17 11 20 21 19 17 19 22 20 17 IS 17 19 20 19 16 16 15 10 9 8 7 7

- --- ----- -- --- 5- - ---- 9 - 15 ... 16 -- IS ------ 14- I----- 1&-- - -4------3---- -4 -17 - -6- -17 -- - 2-- ----
11 18 17 17 16 15 16 17 14 11 I4 17 17 17 17 16 17 17 L8 18 17 11 10 9 12. 17

--- 4-2.-- ---- -- - 04. -I - - -. .IS .. -- 4 - - 2- 1 4 - 4- I 15- 1- 11-- -1 ---- 4-- *--- ---- .... --5 G . . .7- .. ..
13 14 1 15 16 15 13 13 13. 11 10 11 11 I 10 11 13 13 13 19 14 14 14 19 18 16 17
------- 17-. 4 ---. -- 13-- 13-- 46 -16 14 - 12 12- 11 43 -- 4 --- 1-1-- -42- -14-- .-- 2- -17-----5 10 ---- 5----
15 11 13 17 16 12 9 3 9 12 12 10 6 S 6 9 12 1i 15 13 II 5 4 9 6 9

-- 6 - ----- 4- ------ 9- -- -4- -- .... 9----.- Z 13-- -8 9 - ----- -- 4----4--0---H- --- --4. 8- 6 .7..-7
17 12 9 3 7 8 10 8 6 6 7 9 10 9 7 7 7 7 6 5 3 10 12 12 10 10

- - - - -----7 --- -7 -6 6- 5 5 5 - -. 8- -- -- 3- - 3-5 .. - - 1 4-7 - 1-2- 10 -

19 3 5 5 6 8 9 8 6 7 8 10 10 8 7 10 10 9 6 3 I. 11 11 12 11
--2- ------ - S --- 7-- - .--- -7 --- 9- -8 7-- --- - -+- - - #- -4 7 .....-- 6 -5- -_ __ _ - -S
21 7 9 a 7 6 4 3 3 3 6 7 8 7 5 7 7 S 5 7 6 7 8 8 6 3
22 7 7 - d 7 . 8-. 9 -- 9------- -- - ----- -- 4 --- 8 -3---_- 4--_4-
23 9 8 9 8 9 9 7 7 8 7 7 7 7 7 8 7 5 5 5 13 14 13 12 11

. _-,_6 a 9 __ a _---_-9--- . t ---- -P - -- 5 -7-. - - -7 - 8- -7- - - -- --7--9 -- 8 .--
25 6 6 7 6 6 5 5 9 3 2 3 5 5 6 7 8 a 9 6 4 10 12 13 13 10
2 6 2 3 4 ' A -5 - ---- -. -- ---------3- - 2 .-.. 7 . 3-52--67-8----85-7--- 4 -- 692--- 4 7--- I, - -V - - -9- ----- 4- --9 - - -9 - -9 --
27 -39 -29 4 49 53 IS -16 -13 13 16 2 -11 -16 -19 -20 -19 -18 -15 -12 -5 9 10 10 10 7
28 5 0 11 1 15 'I -------- ---- -- 3----2-- 17 17 16 13 -5 5 -4 -- --- 6 -----
29 -15 -20 -19 -19 -Z 18 19 3 -12 -16 -16 -13 0 14 4 -13 -20 -18 -14 -8 10 8 16 27 31

-~-- n E--- 0 -- 0--- --- 0- --- 7- -- -- - -- 2- -- -7 --- 4- ---- 9- ~- 3- -- 2 ------- -- ----- 2-- - --- 2 4-8- --44- --- 9 - -- I------
31 9 -3 -10 -14 -19 -9 0 6 -1 -11 -14 -9 2 6 - -19 -12 -3 6 3 21 13 -4 -2q -3S

-32 ~ R-5-- e- -- ---- E--- - - -- O. --- 9- -- 6------R- -- ---- ------ 2-- -5RE-- -SPNE 2-2--------5 -2-RESPONSE

1 29 21 17 15 13 12 10 4 n 2 2 2 3 I 2 15 15 14 12 1 0 a 2 7 15
-- a -----!if 1a- - 2 1 -v 1-.. . - --2 - .-- 5. - 2 2 ------...------9 - .. -----4- 1 --- -------- . .-2-.._ -I---

3 10 9 10 10 13 3 6 9 II 9 2 0 -2 -9 -3. 10 8 6 9 11 2 I S 11 II

4- -- - - - ----- -- - -2 --2 -- -- 2-- -- -- ------- ----- -- -- a--8--O- - A-- ---- ----- -
5 10 11 9 8 9 -1 4 11 15 11 2 -1 -3 -1 2 10 11 13 14 15 -2 1 3 3 5
6 2 1 Is ! ----- -- --. - ------ --- -- 5 . -...- .. - - 5-- - - -3 . ---- - 12- - O- -4 -- -- - --- -- 9a _..

7 13 13 12 12 12 ' 2 4 7 8 4 3 -1 -2 -3 12 13 11 9 11 2 3 2 -2 -
----- ----- 4- ------- ----- --- .-.- - -2 -2 ...---- ----------1---- -- 5---- . . - -- -1 - - - --3 - -14 7-

9 9 12 18 17 11 11 14 13 6 o 3 6 5 1 -2 16 17 13 11 i1 13 4 -1 -2 -3
--- -4---- ---..... -- 1 -- --- - 0- -2-l---- - - --2 ----- 4 -- . - 3 0 - -4--- - .-- 12 ... --1-. I--- 1 .- . - I . -.. . 6- -4 -- - .

11 17 11 9 12 14 94 -6 -8 2 17 0 -3 -1 3 6 1I 13 11 10 10 7 3 2 5 9
-- 1-- 1 - --- 4-. -4---22 4 - .4 --- 4 - -7 -.. 5 .... .-- -----2 --- -, ---- -4 -------- --- --- - 0 - -

13 12 12 13 13 12 5 17 18 13 7 -1 2 4 4 9 8 13 I5 19 13 13 14 10 7 7

-4--- 0 4 4 4 - 1- ---- - ------- S --- 7- 9-----6- 1 5 S - 9- -- 1-----1 14-- 17 1-i-- II - ILl 8 8 7 5 3
15 12 II 9 II 11it 0 1 2 1 I -1 0 0 0 0 11 12 12 11 10 2 2 7 11 10

_3 6_ ----- N -- -q --- ' 3 4-9 - s-S--. ---- 2•-.--- .------- -. -- --- 0- i ur 3 2 0 0---- ....-- ---- 7 - ..... .-- --- .

; Program.. .. ... -RFigure B-2 O

Program I - Record Output



RESPONSE NO. 2 RESPONSE NO. 3 RESPONSE NO. 9 RESPONSE NO. 5 RESPONSE NO* 6

S 7 7 4 I- -L -- ------------- - ...... 1 ... l-- 2 4.. 2 __ I 4-S 3 ---- --- 4 -- 1 9---P -- - - .--- -
18 15 12 12 17 16 -I -1 2 a 13 7 9 8 7 5 17 18 I8 16 10 I 19 16 10
-- S 4 it !A2- 6 - -_ ... -4 2 -1 -1 --2- -6 -- 4- 3 -19- 9--1-5 - 3 . .- . . _9_ 7 . . 7 -19 - .

20 12 12 1o 8 9 0 6 9 10 10 5 5 3 1 0 II 11 II 11 I1 19 11 3 -3 -7
-1-- 7 --- - 1-2 -- 4 -I 0- 2- - -4 8 8- -3 -2- -- 2 - -12I- -I 0 .-I ----- - ---- -- 7. -0

22 13 10 9 9 9 5 7 7 6 5 -1 3 7 7 1IS 17 17 16 I4 -1 N 9 10 8
-- 23 -- 1 -' ------ - - 9- - - _ 9 -- -s- . .3 . - 4- _ - I 8 I 0-...42--- 4-3 -- . .I - 2 --- - - -- .- Z

24 11 I1 9 9 8 2 3 5 6 5 1 0 2 N 5 12 10 11 13 13 -1 1 5 6 6

-25 a-7 -.. -- - --- -- 12--- -1- - - -- 1 2 I 19. 6 & -8-- 5- - -9 7 -- 16 --- I-- ------ - - -- 0- -- •
26 I 11 9 B 7 1i 1 -I 1 ' -1 -5 -3 1 7 10 6 8 12 IN -1 4 6 3 0

- 7 - - ---.--- - . -0-- - .--.- --- - 6 6 - 4 9 1 1 3 . -3- - 2 -- -12 --- -- 7- - 8 0 .-. 4 G . . -- 4- ... - --- . .
26 12 13 12 12 11 9 1 2 6 8 3 8 9 t -1 II 11 12 13 11 -6 -3 2 '4
29 9 -1 - .... t- ---- . -. - t 6---- --2--i--------l- -- 4 --- -- 2 -- 4 --- 1 -~- .

30 13 -12 . 3 -1 15 18 15 11 10 6 I -1 1 5 IN 13 9 5 S 7 7 7 10 11

-34-- 8 - -4--- 1-4- --- 4 84- 2---1- - --- 8-- 4 -I - -- -12- -8 - -- 4 ------ 7-- -- ---- -- - -4----- ---- 0
32 -33 -29 -30 -39 -52 1 17 17 15 13 30 31 29 29 32 17 20 21 22 21 4 5 3 4 8

RESPONSE NO. 7 RESPONSE NO. 8 RESPONSE NO. 9 RESPONSE NO. 10 RESPONSE NO. I1

S7 7 .- I - - 12 an N 218 ?23 7- ---- -- 47- --- lI-- -1- G, -- ' 3d0 2 2 2.3 -2 -- -- 4 4 a.

2 11 8 7 10 15 274 277 272 268 270 25 29 29 25 19 28 31 33 31 28 4 3 q 4 5

- j- 4----8---4- ---- -5--- 8-------------2-9-2- 272- -1- 15 - 20---26 --224- - 26- -- 24----- 7---9 .- -- -W- -4 --- -- ---- Y -

N 5 1o 1, 23 23 2,49 231 222 213 200 26 22 17 15 16 28 27 25 2Z 2'4 3 4 4 4 q

_ 6__ _ I9 -A 1 a----I -- _ 1 4- 127- C 0- - -4) - 2 ---- -2S227 ---- 2---&------ --284- ---.---- 4 ---- S 4 - ----

6 12 1'4 I1 19 13 88 66 47 31 20 26 26 25 25 29 27 26 26 25 25 4 4 5 ' 5
- 13 1 , 1 -0 -3------ -- 2----- ----- 2 3---- 2 2 26 -- 7 -----7----6 4 '4

8 13 13 15 17 15 -61 -92 -128 -166 -198 21 20 20 21 2q 23 21 20 23 26 5 5 5 5 4

--- 9------ - ------ 4---+4--- -- T - -230-26-246 -- -3-1-- -2---- 2-8 - 2-3- - -- 6----- 3----Z2----2-3---- - -- --- ----------- - --
10 20 21 19 q -1 -263 -285 -306 -315 -313 18 19 24 30 31 30 30 27 22 17 4 5 5 5 5

1 4------ --- ----22---- = -- 7 -3-
- 
322 9 7 Z-- 2-- - 20 23 ------ 27 - 2.. 2 ..... --- - --------- - 6- .--- 5-- - ----

12 -2 -3 7 19 22 -319 -295 -273 -257 -249 29 27 21 18 20 21 18 20 29 33 9 S q 6 5

13 17 1 3 - - & 0 ---- 339-2 -'77 -'' i 1 -7------- - . .---- 9 ------ 4- 2 !a fi is 61 5 f r-- 4
14 7 12 1'4 13 13 -10 -103 -100 -90 -77 22 20 20 20 19 21 29 24 24 25 q S 4 9 4
Ic 1 - - -- -- 2- ---------- 32 -... -- 1 -18- - -2 --2----25 --~ ---Z--2----- . -4-- i 2-- .. --- - -2 2 3 --
16 8 9 7 7 8 -9 S 23 '47 78 25 21 2N 25 26 25 23 24 25 26 9 4 3 3 q

-47- 8-4 -~-7 -- 7---------- 46----2---199-- - 04- - - -2- -- 26- - 2 --- 26 -V--2---~b- -- 7 -- 2 ------ 4- -.--- l ....-- ...
18 13 18 22 19 12 219 235 252 263 270 16 17 21 23 25 28 27 26 2' 2N N 6 5 S S

19 a A 4 3 20 L 2.9 274 -27- 299 2- -23--7 10 25 21 27 27 2 6 Q 15
20 23 20 13 7 4 300 290 270 250 235 20 25 27 27 2N 26 26 26 27 26 N 5 I 4 5

- 21 5 9 I 23 2 3 -----4-- - -- -A-- --1- ------ 1-8- --- 14 I----1-3- -- 1-7-----2-1--- -2- ---. .- 7------- -- 7--- -- 2 - - --- ---

22 21 17 15 14 IS 137 118 105 94 7b 23 23 22 22 21 24 23 2' 25 26 5 5 4 3 S

2-. I !- 1is -.- I 2---1- ---- 9 -- 4- -- -43 -.- 5 - 2- -- Z 4- - 2 2 ---------- -- 24 2 24...- -- . -3-- -5--- - - -- --
24 19 14 1'4 13 11 -4 -17 -35 -A6 83 19 19 19 20 19 2q 29 23 23 23 9 3 q4

7 -- 2 IC 114 1. --5? --- 8-13- -l---2-- - - 1 -- 1 4 3l_ i- ?23 9 -2Q 1 --- 17-- --8----
26 11 18 22 18 I1 -2 37 -237 -237 -299 -271 24 27 26 21 16 16 18 23 25 26 3 N 4 q 3

S-27- --- I --- 2 32144 10- 5 2-9-9 -- 32320 --- - ----- -5- ------ 2 ------ ~ 2 4 -----4-- 1-- -- 1------

28 16 8 I I 7 -30U -311 -325 -325 -30S 29 18 15 18 23 20 27 38 59 86 4 '4 4 3 4

--- 29- 3 Z . ---- -. 2-- - - -- -V 221--2-49 .... - - - -- ------ ---0 -- 19--- 41 4 -2 ---4 -1444----432 -. -2 - - _-. - --- .. 3 -.. 4 ..

30 -9 I 10 15 13 -205 -175 --139 -107 -92 -29 -IS 19 52 60 117 95 57 8 -3N4 '4 3 5 4 '
I ~ 4---- --- 2_- -- -4 -- 4--A- -79 ------ 49- ---- -- -- 5------ ---1---- -- l- ---- - -- --- -----

32 29 33 35 36 37 -61 -43 -26 -10 6 23 29 37 55 78 -33 -56 -76 -81 -63 4 4 4 4 5

-. .17 -.- 9- - -- - -- - - - -- I -- 1. - - *- - - -- 7- 18 - 1-S 14- - 13-- -1-3 -- j.. - - -.. ---. -- - -- -- ---

8 5 7 6 6 7 7 7 6 209 -3 -6 -6 -5 -4 -3
-. - -- _ _ __6 _ . ... 3 ....- - -. . -- ..... 4-- -- 1- .... 22 ... - ... . . . . .. . .. . ... .. .

S__ 1___"_ Figure B-2 (Cont'd) --

Program I - Record Output
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RECORO NO. 470 LOAD NO. 6 RESP. NO. I

IMPULSE TRACK RESPONSE NO. I

1 -i -6 -6 -S -2 -2 -5 -7 -6 -4 -2 -1 -1 -S -9 -10 -q I 1 -3 -6 -3 -8 -13 -10
-2....--- ... _ -9 3---- .4- 2 -9 -7 -5- 1 1-- -3 -10- -14 -- 3 -- 3 ---------10 -1 - -- 6 12- -2-9- -0- 35 -

3 -7 1 2 -1 -S -7 -7 -q -3 -4 -7 -9 -7 *3 -2 -4 -6 -7 -6 -21 -t4 -23 -35 -39
Q1 L_ __ _ -. --- . - .... - N A -- S - -_ -_ --- 14 --- -.- - .-d-- - - - -41- - - - ---I -- L.S - - J 2 -- - 3 - - q a ---. :

s -4 -4 -6 -9 -8 -2 0 -1 -5 -7 -a8 -6 - 0 -3 It -14 -9 -1 0 -59 -72 -82 -83 -77

-6 -7 --- - 6 .. 5. . -6 -6 - - 6 -S -3 - --3 -7. -9 - 7 - - --- .. .. 5 .S 7 5 --9 -104 --1-1-23

7 -6 -6 -7 -7 -6 -3 -1 -2 -2 -4 -6 -3 -2 -2 -5 -7 -3 0 0 0 -127 -135 -154 -179 -200
----- 8 -- ---- 4------5--- --- 0 -2 - -5- -5 *- -3 -3 -3 -5 --- -4-- -3-- -1 - -- 2 -- 2- -4 --- 8. -209 -- 2. -- 198 .l9-.'1.--.

9 -8 -4 -2 -3 -4 -5 -3 -1 0 -2 -6 -6 -2 -1 -1 -3 -5 -2 -1 -3 -200 -200 -196 -192 -193

11 4 2 1 3 2 -2 -1 1 2 2 3 5 5. 2 1 2 2 3 q4 . -172 -176 -174 -170 -168

1 -- I -- 5- -5- --- 4- 2 - 5 ---- -- - - 0- ------ 9-0------ 0 8 ---0- 86 -- 3-B*--- -
13 -1 1 3 2 1 I1 0 3 3 3 2 1 2 4 4 '4 6- ' 9 -182 -187 -194 -195 -195

( - a- -2 - 2 - -- -- --. 2. 3- 2 -3 6 8 ,6 . - -- - ---7- ---- --- -- -- 2 -- -- -- - 94- 19 9 - 141- 1 79 . .

15 3 5 5 3 2 3 3 2 3 3 5 S 8 7 5 5 7 6 4 5 -172 -164 -155 -152 -153

16---- -5-- ( A 9 o 11 + - -- - -At - -- 6- -- -- 5--- ------ -- - 3 -- - q - -- 1-5--44 -1.67 --- -

17 6 7 6 7 5 6 4 q4 3 3 4 6 4 4 5 4 q 3 5 -182 -180 -177 -172 -166
-4--1 - - -- 5-----9 --- -- -1 3--- -7- 7 7-- S--- 5- ----- --6 6- --- 6-0 -449 -1-34 -1 g- -47-

19 7 6 6 5 5 6 6 5 3 3 3 3 3 3 3 3 5 6 8 8 -71 -56 -35 wit 8
'l " Z ---- - 5 t--- -= ... - •3 -- -- ... Y---- --- ---- -i .i -" ". -- 7 - --- --- .. -- -- - ---- r --- ....--

20 6 5 ---- -- - . -- -- - -- -------- 8 - --- ------ 1 --- 1 - -- 92 -30 --

23 4 5 6 7 6 6 '4 3 5 4 3 6 10 9 10 11 8 6 7 7 135 141 149 161 171

24 9 9 ------ - -- --7 -- -- 9 9 -------- t -5--- --- [ - -- -47 1-72- -4 -78 ----

25 6 9 10 8 ' 2 2 4 6 5 q q4 3 2 3 4 6 8 7 181 176 173 171 169
.*_ L _ . , -5- - .....---- -- d -- - ----- C-- ....- -..... --- -- --t ------- - - ....... - -3- ... -1 6--t-$9 --~-- -- -

27 5 S 3 2 5 5 5 6 7 3 1 -1 1 5 7 6 5 q 3 5 150 SO 7 q16 1q4 139

2? 5 1 1 -2 14 '1 '4 4- - -- 4- 3 4I 5 6 7 A ' 4 ..1 . .. 113 16& 1 12

29 4 1 0 0 2 3 4 .4 6 S 5 3 5 7 6 4 3 3 3 1 1q4 139 138 13S 127

-- I 0 - -2 0 -. ------7- - -- a ---- I- -- 2- --- 4--------q----1--1--9----- ------------ -3 ....- - j---t-
4 ,

! --

31 9 3 '4 4 2 0 -1 -1 0 1 0 2 1 1 0 0 1 1 1 -1 99 89 86 90 97

RE I a -. 2 RESPONS E0 -, -3 RESPONSE-4No-A----4E-SO----N----SE G-.-----5 RESPONSE PIG -- ___

1 -65 -76 -82 -88 -102 12 10 10 12 17 36 38 38 38 38 19 16 12 9 9 13 17 17 14 8

2 I! 1 15 1 .-. ... 64 -- 9 ... 1 - -- 50--- 3--- S -- . ------ 1 -- ---- I-- -- - -- -- ---- --- - ---8- -- -. 9-- ---

3 -145 -153 -156 -168 -187 10 12 18 27 33 52 St 55 62 67 4 7 5 0 1 22 25 17 5 0

"-- 3 -207 -2' -221 27 --- 3--- 0- -- 8 --- ------ ~9--- 4.2- -5-----7 -----8-2 -- - 9--7 -- 2- ------- 2 ------------- 9 t ------ .
5 -234 -236 -225 -219 -223 91 7 47 40 28 88 .89 88 90 96 21 21 19 13 6 6 -7 -11 -7 -7

---- -2 199 I I 16 Ai 3 - -9 ! -+-- 414 -1-2- 1- 2 -- 4~-- --. 4-1 9 2
7 -162 -161 -152 -196 -190 47 38 29 31 39 7A 79 68 62 56 20 29 3q 39 32 -25 -22 -16 -12 -10

Q-- 1 a 1 1 1- 9 -100 39- 3 3 -- 34---40 so- -3- 4-3---- + -3,2 -1- 3- -3-4- 27 -1-0-
9 -95 -89 -85 -81 -77 98 52 53 53 52 39 36 35 31 28 17 10 6 4 2 -27 -23 -26 -3S -31

-- 08---74 - -5---6 ----7- - 84-- --1-55 3-1- 2 5I- ------8 -------4 --- 1--- 2--- -5-----8- --1--- l- ---3---Z- -8-27-
11 -q6 -43 -35 -31 -28 60 64 66 6A 64 37 38 42 '2 39 19 19 22 19 12 -22 -14 -10 -8 -14

12 -24 -2-9- 1-1- A & ---- 16 -----Z-&---- 7-1 --7 Q-- - -- 4,4 - -8-3 -----4 --. -8----- -7-- ----- 4- ,--- -2-2--4-- --- i3--- -

13 -35 -33 -29 -24 -20 7.4 81 88 93 92 22 22 17 11 6 6 12 17 18 16 -16 -29 -32 -24 -22

- - . . -... ---- 6-- A 79 -8----96-- 98 3 4- 10- 4-5- 17- -15 21 - 2- -- 1-9-- 4-14 -- 25 -30 -O 21 -12-- --

Is 15 -5 -6 -6 -2 96 100 110 tlA 119 Is 26 38 47 46 16 24 29 31 31 -14 -22 -19 -2 11

-1---1-1-- -3-10-- -'--3---7 Il-1- -I09 91 39- 43----- -46- - a-6 3-2-- -- -- - - 9a 3 -

S...._...___ _....__ - - - - - -Figure B-2 (Cont'd)
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IMPULSE. AREA IN LB-SECs . 1'64'965
.URA- T-0N-O ESPONSE-O--R-S -S., C ON.DS -.332- .........

I.MMRY-.O-I O-R AER-ES -....- . --.....

--- C- -...-- .... ... .-.. --.--- R -- --- -- 4 R-5 . -- R-6 R7 R8 .R9 RIO

120 10 9 11 7 2 10 2 10 15 22 27

. - 9---_ 1 0 1-3 .- - -. -- . .. 5 9 ...... 16 -..2 - - -S- _-- -- '.. . .

140 13 11 13 5 1 9 11 s15 23 26

.-- 4 -- --- ..... 1--- -- . ... - - - 141- . 2- - 9 -. .14. . 22 27 ---

160 1586 1616 1583 1619 1617 1596 176'4 1601 1615 1793 1802

Z-7-- - -I-6 8------ 1-544----- 7 5 L.-7-- 40 l-O- I- 1-7 93-- .-- 82 -.

180 1585 1617 1583 1614' 1617 1595 1766 1601 1615 1793 1802

Ion -cQ - r n 1 48.4,- -4A1 7 156! AIl -7& 1 -$--i- 7- ----- 4 I-4- 5 - .1-79 3 -8 0-2- ----

200 1587 1617 1583 1614' 1617 1596 1768 1601 1615 1793 1802

---- 2-1- -- -- -56-----14 1S-7-- 3--4- - ,----- - 1 7--- -59 - 767-- -1-604 -- -14 5- 1793 1802

220 1587 1617 1583 1614 1617 1595 1767 1601 1615 1799 1802

... ,---- .-~. --------- -6-4--4-----4 - - - 69 4 --- 71 4 -- 1-40 - - 5 - 17 9-3 1-8-0-2

240 1586 1617 1583 1614 1617 1595 1768 1601 1615 1793 1802

20n I5 11 1583. 144 , 1., 6,17 i9 lo6 140 •----4------ --7-973-- --03---------- ----

260 1586 1617 1583 1614 1617 1595 1766 1602 1615 1793 1802

. ~g --- I-r-8.; --- ----- 4+- -8-3- --1-4--1-4-7 .- 9-- .. 7-- -- 71-4 64 5 194 1-9 802

280 1587 1617 1583 1614 1617 1595 1769 1601 1616 '1794 1802

2-90----687--+ ---- 3- - -. -4+7 .159 1-769- 1602 161 61 1794 1802

300 1586 1617 1583 1614 1617 i595 1771 1602 1616 1799 1803

-- 3I- ._. -6- -- --- - - -. 9 - --- 1 2 -

320 13 8 9 8 6 14 16 10 9 18 11

10 9 Is II

.. g-- ....---- -- --- --0 --- - ----- - - --- - 4 - -10 9 8- I I30 /4 -9 8 6 14 18 10 9 8 i1-

461 14 7 9 8 6 144 20 10 9 17 10

--- ------ -- ---n-7 9 - -7 - ..... 1 .2--- .. -I-0. - ..- ..- .-8 . ---- ....- -. .

1'63 '487 513 '90 503 '61 499 991 967 439 995 519

A -4 -..-. 14- ---- I-8- ---- ------------.- ------- 2--- ----3 4 -0- -1-5 2.1 ----- 2-2 -

'465 10 9 1 6 1 10 ' 11 -19 21 26

... . . .. . - .. 1- .. --- 4-- - 7- - -2 - ... . .-497-....... 9 - -- 24 - 2 . --- 23 2 --

'67 14 9 16 6 0 11 7 9 -26 22 25

- 9 . 1 4 .--- .. 0- ----. 2-A --..- 2-2- ---- 25------- . --

'469 15 9 9 6 3 11 9 12 -19 22 25

. . . - - e- - ... .--... ...... - - -- - - -- ---- - - --- . - ... . . . . --9 . .. .-2 2 ..... .... 5 ...... ...........

570 0 12 7 5 8 13 5 7 15 .22 244

. 5-7-- . --- - -- 1 -- - ---4 - 7---- -- --- - I- - ---- -- - --- - - 2 1 ----. 24

572 0 9 18 7 -2 12 5 7 16 21 27

C7 O 9 n ... n------ .- 0 ------ - ---.. . -.------- -- -8 --- ----- 0- ..--

FUNCTION CARD - STATUS 1 10 0 0 0 0 a 0 n

_Figure B-3

Program I - Record Sumary



O A _-6R I -- N-6A k 4O (EERY -4 MS IN C N- IN- &-- - -- ----- - __

- 6 --2 4 -4 - - - 41 - - 7-4-46.- ---- 64-- - p i --2 2 - -- 2 --- - -_ -

-rb -39-il. -. '7-.5 - ---

-6 .. s-- ---- 4 1- - 2. - --- -16 -- - -- 7-8-2 --- 92t ------- 0---------------

S31 0 3-7 13-05 700 - -S - -- - - 0 ? ?2 ? -117-- _ _ _

- -357- 3 ,--- .

--78 .- 2.-.-- -- -4 0- -- -- i-. .- -3---.1
-4 -- ------157- -- 2 ------ 5.5-- -- .O- r -. --

-0 l7 -130 232 7 3-- -- --- ..--. ---2-3 -,,-1-- 2 . - ..-.. 97.-

2se7 290 9. D 6 1 . ---- . . -- . .3- - 1 . 7 2 3 &7--

2397 1500 - 0 - --- ----- --I----- --- 10 ------ 1.7 17.2 30 G0--36.7 37 2 1.5-- 1--------- - 2.7----
1.;L -. . .--- - -- - --- ----- ..-- -- -- - ---- - 7. ,?,_____--_ _

( I ____- ____ -~k- - - .-- - - - - --32 - - -------- --------~-------

9

S___ _Figure BI A__ __ _ -

rl -- - Program I - ITF Listing-
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* (RUN CARD)
*ASGT 1tF2/2//4

_ ASAe ,T 2IF217POS/-----
*ASGT 3,F2/30//30
*ASG*TB 11,8CA06515

m---- FORTRAN DECKS

*MAP9I *MAP,PROG
SEG TOP* - ...----
IN RESP
•LIB MSC*LOCALIB

--- - DATA DECK --

----- -t MD.-

Figure B-5

Program II - Deck Setup



LOAD 1 2 ...

S6i 2. 1 1000

6 20 25 25 59 234 645 1056 1189 110C 920 698 813 1113 1430 1610
1789 2044 2375 2690 2963 3109 3178 3261 3355 3524 3756 3925 3921 3886 3899 3914
3898 3887 3896 3891 3876 3896 3908 3892 3909 3918 3928 3895 3880 3884 3894 3904
:17 3920 3920 3920 3920 3920 3920 3920 3920 3920 3920 3920 3920 39203920 3920

0 "0 0 0 54 235 567 992 1037 1013 1025 1048 1094 1206 1341 1517
1750 2091 2354 2435 2513 2603 2701 2814 2926 2987 3067 3183 3243 3264 3274 3289
3281 3248 3222 3207 3248 3259 3235 3168 3185 3202 3210 3224 3225 3221 3203 3231
3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235 3235
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-2049-2210-2302-2497-2773-3038-3193-3210-3324-3504-3674- -79-36024t1338638-314
-3626-633-3634-3634-3611-3628-3645-3631-3629-3625-3608-3595-3624-3637-3606-3581
-3580-3587-3589-3589-3589-3589-3589-3589-35?9-35q9-3589-3599-3539-3589-3589-3589
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.3464-3464-34643464-3464-3464-34643464-3464-3464-3464-3464-3464364-3464-3464

9 1.
0 0 0 0 48 218 484 838 1080 1130 1176 1230 1176 1250 1386 1571

1823 2123 2432 2717 2828 2885 2940 3137 3282 3422 3340 3296 3438 3416 3370 3361
Z;., 39i~ 3479 3424 3393 3368 3348 3381 3385 3385 3385 3385 33A85 3AS. 30385 3385

395 ~85 38 338 '3385 3385 3385.3385 3385 3385 3385 3385 3385 338 3385 3385

0 0 0 0 30 283 834 1272 1039 943 1170 1422 1415 1418 1538 1659
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3560 3556 3543 3576 3575 3581 3569 3556 3565 3575 3555 3537 3549 3538 3560 3552

StS546 $546SS45 3545 3545 3545 3545 3545 3545 3545 3545 3545 3545 3545 3545 3545-

1671 4;07 7213 9045 7664 5202 4472 4691 6050 7506 7758 7210 7295 7908 8558 8559
8690 8880 8992 9107 9750 9967 9918100771076611350115051118811047109701090910757
10781109081081610579105301064710873110751123811252111101101610956108871077310682
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932462496 986510108103601056910837112941152811457113041128711413115661177811651

11433111311106111211113831146511438115261166211772118161165911378111781111711283
1132211322113191131911319113191131911319113191131911319113191131911319113911319
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367 2555 6370 7997 7999 6662 4957 4990 6883 8338 8068 6831 7028 8305 9893 9854
845-7 8145 8693 99251037310286100501012910836115511179711531501240115871193411754 .
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111571117811200112001120011200112001120011200112001120011200112001120011200112
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11611113601136811808118621142410913109931141311413111921103411029111341119111115
11048109951098010980109801098010980109801098010980109801098010980109801098010980 (
20 1.
i357 1275 3901 9067104909970 7788 5810 7431 98121112010336 9385 8866 8980 9717
5,1112 541127111152111631133811760122381254412394118651132711495119691219412188 (

i- 16117721163511873120471195011649115761172711862119361 187411748117211176411775
117231162211585115851158511585115851158511585115851158511585115851158511585115 5
21 1.
1088 4353 909310810-9930 7881 5924 6394 8408 991410325 9645 8322 7729 7984 9295

--980100,881026310825111361087010360102511114811862119331138011036108951 105011527
1 1~9~i81154011245109921091011059112961132411199110541101211090112011131711291
11016108771085010850108501085010850108501085010850108501085010
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558 2791 6812 997.810348 8733 6245 5379 74921018910738 9587 8690 8402 8552 9174 4
10149109010106 9999103331071711048114211162611477110101056710583110021155611718
:24l108 910766110781730011261110081091410932110141115911283110(5109231093211060
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0 0 0 0 -26 -183 -360 -634-1003-1239-1288-1253-1238-1279-1311-1363
-1548-1789-2045-2268-2442-2542-2601-2676-2864-3060-3238-3416-3465-3426-3444-3503
-3555-3590-3608-3578-3584-3598-3611-3605-3575-3556-3542-3544-3552-3534-3517-3514

$. 52 354 4-3544-3544-3544-35 43-544-35.44.354 4-3544-3544-3544 35 4 .. :

-2 -18 -24 -20 24 692 1088 1-298 1307 1224 1164 1209 1334 1545 1777 2012
2207 2409 2708 2904 3087 3217 3272 3298 3331 3364 3406 3451 3415 3371 3410 3465
3456 3492 3561 3540 3454 3419 3422 3425 3414 3398 3418 3474 3537 3582 3584 3505
3431 3404 3400 3400 3400 3400 3400 3400 3400 3400 3400 3400 3400 3400 3400 3400

. . -1 : - ,
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RESP 1 4 3 5.2
PLOT 0 (
CYCLE 6 a

_igure 3-6 (Cont'd)_
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Se START
Contants

:tion

ite zeros
yes in files 1 & 2

Check tape OK Load Files 1 & 2

yes sequence no. yes from tape

yes
Set up aing CALL

Load files from A

RUR A

yes special input tape

Call plot package

yes to plot or list

END

FIGURE C-1

PROGRAM I - MAIN PROGRAM



69

IPH+
STA ) I KS = 0

IRE = 0

A

Pass 9
records

Read & save
record

+1
IRIU + 10

PORA A

A 31 no
3 1 DC KSX = KSIPH KS

<31 CAL yes IPH = 2

KS-KSY

End KSY50- Of D.C. IPH = 3 A
records for Cal. yes KS-1
EVET Pulse L

no

<KS-KSX <20 A

20

QUITQyIs
yes

no
Skip 5 Read and save Search for
Records 12 complete records impulse B)

FIGURE C-2
PROGRAM I - SUBROUTINE STORED
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- 4 impulse area

Compute
Calibration

Value

Store portion of ITF from
2 saved record in IDISKC
array

Read a record and transfer
ITF' s to IDISK

IDISK no
full

yes

write IDISK
into file 2

10th clear
time no DISK
thru Counter

yes

Zero
Adjusts

Update write
Status , summary return
File outputs

FIGURE C-2 (CONT'D)
PROGRAM I - SUBROUTINE STORED
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RETURN EOF O START

no

yes o Zero out
error NG w

no 0

0 use last
NG Return values of

IAvG

1,3

adjust
impulse return
values

NG

adjust
response
values

Call
AVG

return

FIGURE e-3

PROGRAM I - SUBROUTINE READ7
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Read and
-Set Constants -- check A

LOAD card

c no OK

check
sequence no.

( no  OK

load files
1 & 2 from

tape

Read TIME &
FORCE Cards

Set
Time Array

Store in
File 3O Read FORCE

D HIlWERPOIATE
TABLE HEADR FORCES

B 0 - IL + Read force
table

FIGURE C-4

PROGRAM II - MAIN PROGRAM
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Read RESP &
PLOT cards

C D

Start loop on Recycle STOP
responses A RCard

yes

clear

2: end
arry no loop

Start loop print

on loads

k yes

end
Read and - loop
unpack ITF no

CAdd to

Filter 
rFII

Zero Read force DUHAMEL PRIM
Adjust from file 3 INTEGRAL RESPONSE

FIGURE C-4 (CONT'D)
PROGRAM II - MAIN PROGRAM
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Select
Time

interval

Calc.
freq.
Cutoff

Average
down to
300 pts
or less

Fourier
Transform

eliminate
middle

frequencies

inverse
transform

interpolate tc
original time

scale

Subtract
from .IF

return

FIGURE C-5
PROGRAM II - SUBROUTINE FIILI


